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FOREWORD 


In 1951 the Department of Scientific and Industrial Research published a 
* Bibliography on Industrial Drying* which attracted considerable attention and 
became widely distributed. The success of this venture suggested that biblio¬ 
graphies on other unit operations would be w^orth while and it w^as also con¬ 
sidered that the preparation of such bibliographies would be a small contribution 
towards filling one of the gaps referred to in the Report of the Committee on 
Chemical Engineering Research (H.M.S.O., 1951)—the collection and interpre¬ 
tation of research information. 


After consultation between the Department of Scientific and Industrial 
Research and the Institution of Chemical Engineers it was agreed that ‘Crushing 
and Grinding* would be a good subject to start with. This choice was influenced 
by the fact that a very wide range of industries use crushing and grinding in their 
operations and that few recent textbooks on the subject existed. It was desired 
to introduce a selective and critical element, and with this aim in mind a small 
committee to advise on the planning of the work was appointed in July 1953 


with the following membershi|5;^^;^;5!af: 
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C. J. Stairmand Esq., B.Sc., 
M.I.ChemJE., A.Inst.P. 

W. E. SHAia>LES Esq., M.I.Mech.E., 
A.M.I.Chem.E. 

P. F. Whelan Esq., D.Sc., F.R.I.C., 
M.I.M.M., M.I.Chem.E. 

R. Ashton Esq., M.A., B.Sc., 
F.R.I.C. 

W. H. Bickle Esq., B.Sc., A.RJ,C. 


w'. . » I f 

Head of Chemical Engineering Division, 
Atomic Energy Research Establish¬ 
ment, HarweD. 

Formerly of International Combustion 
Products Ltd. 

Director of Research, British Ceramic 
Research Association. 


Principal, Woolwich Polytechnic, formerly 
Imperil College of Science and Tech¬ 
nology, University of London. 

Managing Director, Huntington, Heber- 
lein & Co., Ltd. 

Imperial Chemical Industries, Ltd, Bill- 
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Scientific and Industrial Research. 



The publication is now presented in two parts: the first contains a series of 
short reviews and the second the classified bibliography. 

The Committee wishes to express its indebtedness to the authors of the short 
reviews. 

The task has been largely a part-time one and the bulk of the work has fallen 
on Mr W. H. Bickle, to w-hom the Committee is much indebted. Sincere thanks 
are also due to the many indmduals and organizations which have helped by 
allowing access to their records and by specialist advice. 


A. S. WHITE 
Chairman of Committee 



COMPILER’S NOTE 


The bibliography consists of some 2800 literature references, accom¬ 
panied by abstracts or annotations, derived mostly by direct reference 
to original papers, and from abstracts by competent authorities; these 
are classified under the headings shown in the contents list. Even though 
some ambiguity may exist in the allocation to the various classes, 
especially in the theoretical section, in planning the work a breakdown 
of some kind was found necessary for convenience of handling and 
search. Cross-references have been reduced to a minimum by resort to 
a small amount of duplication. The contents of the classified biblio¬ 
graphy of 127 abstracts on the theory^ and practice of coal grinding, 
compiled by Dr H. Heywood for the Combustion Appliance Makers 
Association (C.A.M.A. Document No. 1657, 1938), have been in¬ 
corporated in the present volume by kind permission of the Director- 
General of the British Coal Utilization Research Association. Two 
sections on methods of particle-size and surface-area determination and 
on certain aspects of classification have been incorporated. These tw’^o 
subjects could be regarded as separate subjects in their own right and 
therefore meriting their owm bibliographies, but it was thought 
appropriate to include a selection of references in the present work. 

Entries are in alphabetical order of authors’ names in each sub¬ 
section, except for anonymous papers which as far as possible are in 
alphabetical order of titles of periodicals. Abbreviated titles of pub¬ 
lications conform to the World List of Scientific Periodicals^ 1900-50, 
3rd Edition, 1952, Butterw^orth. 

[^P’] at the end of an entry indicates that mill performance data have 
been presented in the paper concerned. 

Thanks are due to the Director of the British Ceramic Research 
Association for providing copies of some hundreds of entries from the 
Association’s own comprehensive card index; to the Director of the 
Research Association of British Paint, Colour and Varnish Manu¬ 
facturers for access to the Association’s card index; and to Dr Heywood 
for the loan of his cards. 

W. H. BICKLE 
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Fundamental Aspects of Crushing and Grinding 

W. H. Bickle, B.Sc., A.R.LC. 

{Department of Scientific and Industrial Research) 

Crushing and grinding, or comminution, form one of a series of operations, 
sometimes known as ‘unit operations’, which are used over a large range of 
industries. Some of these operations, such as distillation or drying, are supported 
on substantial theoretical foundations which provide a satisfactory if not 
always complete understanding of the operation, and which also provide a basis 
for design, for prediction of results and for a standard of achievement. Crushing 
and grinding processes have no such foundations. Originally laborious manual 
operations they advanced to the mechanical stage of pan and stamp milling and 
progressed subsequently by way of ingenious design of machinery and improve¬ 
ment of process on empirical grounds; theoretical aspects of design have 
contributed to this advance but the fundamental aspects of breakage are still 
inadequately understood. Consequently there is no real theoretical basis by 
which a target of performance can be set, unless the target is so remote as to be 
almost out of sight. For instance, in a particular drying operation, performance 
data may show that 40 per cent or 100 per cent more energy is being used than 
is theoretically necessary for removal of the moisture. Similar data from a 
grinding or crushing operation would show that from 100 to 1000 times more 
energy is being used than should be necessary on theoretical grounds. In the 
former case the reasons for the apparent waste of energy can be accurately 
assessed and the way to improvement closely defined. With the latter, no valid 
reasons for excess energy consumption have been agreed and improvement in 
operation is therefore based mainly on empiricism. 

An extended theoretical study of comminution was begun in the early 1920’s 
by Martin in England, also by Gaudin and later J. Gross and others in the 
U.S.A. The results of these and subsequent attempts to provide the subject 
with a theoretical basis were summarized by J. Grross in 1938 in Bulletin No. 402 
of the U.S. Bureau of Mines. He pointed out that althou^ crushing and grinding 
machinery had been brou^t to a high standard of development mechanically, 
corresponding, advances in theory had not been made, and that the reason for 
this lack of advance was due largely to the unfortunate situation arising from the 
Rittinger-Kick controversy. This controversy, before and since that time, has 
been concerned with the validity of one or other of two hypotheses, (a) that of 
Rittinger (1867)*, which maintains that the energy of comminution is pro¬ 
portional to the new surface produced, that is, proportional to the reduction 
in linear dimension, and (b) that of Kick (1885), which maintains that this 
energy is proportional to the reduction in volume or weight of the particle. 
Althou^ the Rittinger relationship has been and is still found useful by various 
investigators, it is not considered valid ov^- an extended size range: the experi¬ 
mental evidence in support of it has been severely criticized in that small reduc¬ 
tion ratios have been used, the precrushing history of the material has generally 

* The numbers placed agamst authcos* names in this levfcw denote the year of publication. 
See Index for abstract numbers. 
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been ignored, and the methods used for measuring surface area, particularly 
the permeability method, have led to doubtful conclusions. Moreover, the net 
energy input strictly of benefit to the grinding operation has been necessarily 
calculated as a difference figure, often a minor one, and some of the evidence 
put forward in support of one or other hypothesis could be held to support 
either. Since the Kick hypothesis implies that the energy used is absorbed in 
deformation under tension or compression, it is held by some to be exclusive of 
the Rittinger hypothesis. By others both hypotheses are regarded as being valid 
but in separate parts of the size range. For instance von Reytt had observed in 
1888 that the surface area increases faster than the linear ratio when the particles 
are small. Wurker (see Bond, 1951) has recently maintained that although the 
Rittinger theory appears superficially logical, a real test of its applicability has 
yet to be satisfield. He claims that the general acceptance of the Rittinger theory 
has retarded discovery, and that, on the other hand, the strain energy theory is 
an attempt to find a way out of empirical darkness. More recently, H. E. Rose, in 
his comprehensive theoretical and practical investigation into ball mill dynamics, 
has shown that Rittinger’s law has no theoretical justification for a baU mill, 
any straight line obtained being solely due to the conditions of grinding. A 
summary of the then current position on the two hypotheses was given by 
Heywood in Document No. 1657, 1938, of the Combustion Appliance Makers’ 
Association, and a detailed appreciation has been presented by Prentice in 1946. 

THEORETICAL BASIS OF EFFICIENCY 

There has been no lack of endeavour to find out what becomes of the energy 
used in comminution processes. As ^rly as 1914 Cook had found that of the 
energy input to a stamp mill, 80 per cent appeared as heat and the remainder is 
attributed to guide friction, sound vibration, deformation of malleable particles, 
etc. The low proportion of the total energy input to a mill, found by various 
operators to be consumed in the actual grinding operation, is typified in the 
observation of Prentice (1953), that up to 50 per cent of the input energy is 
dissipated in the prime mover and transmission, while over 80 per cent of the 
remaining energy is dissipated in the form of heat to the surrounding bodies. 
Again, on the basis of the data obtained from certain British industries 
(Hawksley, 1947), it would appear that the power consumption per unit of 
output is related to the work of transport of the material through the system 
rather than to the energy requirement for efiecting actual size reduction. Carey 
and Halton (1946) had tabulated the heat balances for various kinds of ball mill, 
and had found that over 99 per cent of the energy used was dissipated as heat. 
The loss or waste of energy is even more strikingly indicated by Padszus (1948), 
who calculated that a quantity of energy as low as 0-001 kWh is theoretically 
sufficient for reducing 1 kilogramme of iron to a particle size of 1 micron. 

Most of the early attempts at fundamental correlation between energy con¬ 
sumption and product characteristics were done on quartz. This material could 
be obtained as a pure mineral, and a convenient chemical method was at hand 
for the determination of surface area, this method being peculiarly applicable 
to quartz. It could be used for the determination of the surface area of particles 
in the subsieve range, where no other adequate method existed, and where the 
approximate ai^ithmetical methods then employed led in many cases to errors 
in surface area calculation very disproportionate to the weight involved in this 
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range. For the purpose of making the correlation referred to, quartz possessed 
an advantage among the few solids investigated of having two fairly closely 
agreeing calculated values for surface energy, that of Edser, 920 ergs/sq. cm, 
calculated on a physical basis, and that of Fahrenwald, 995 ergs/sq. cm, cal¬ 
culated on a chemical basis. Thus from the newly-exposed surface area of the 
product as determined experimentally, the corresponding surface energy could 
be calculated with some degree of confidence and related to the net energy input 
of the crushed material. For small-scale carefully-controlled ball-milling experi¬ 
ments the net energy consumption was found to be from 100 to 1000 times the 
calculated surface energy increment appearing in the product, the theoretical 
efficiencies being thus of the order of 0*1-1 *0 per cent. The accuracy of the data 
from which these values were calculated was limited by experimental difficulties 
and uncertainties and would account for some lack of agreement in results, 
but is hardly likely to account for the above low order of efficiency. At this level, 
improvement in accuracy and in conventional mill design is scarcely likely to 
improve the order of efficiency. 

Improvement in theoretical efficiency values has in fact been obtained by 
crushing single quartz grains, both by the method of impact and by slow crush¬ 
ing. Modifications have been developed by Kuznetsov (1927), and Kaner (1939), 
such as the cutting, by impact, 6f a rock salt specimen. By crushing single 
particles of crystalline quartz and comparing energy input to the energy of the 
new surface produced at 980 ergs/sq. cm, Axelson and Piret (1950) obtained 
efficiencies ranging between 1*7 and 26*5 per cent. With multiple particles 
crushed under similar conditions, efficiencies did not exceed 1*4 per cent. Under 
impact conditions Bond and Maxson (1939) obtained up to 60 per cent efficiencies 
for single particles; Gross and Zimmerley (1928) had obtained values up to 3 per 
cent for multiple particles crushed by impact. Shearing action has been advanced 
to account for the low efficiency in crushing a mass of particles, this being 
assumed to be less efficient than a shattering action; but Carey and Bosanquet 
(1933) disagree with this view and show that the fracture pattern produced and 
the energy used are independent of the nature of the load application. Simple 
pressure, shear action or impact just sufficient to fracture the particles all show 
similar results. Although this latter assertion is not in accordance with the 
experience of other workers (Charles (1955) and Meldau (1936)), the simple 
explanation, that is, of the cushioning effect of smaller particles present, can be 
regarded as valid, especially as there is direct experimental support for this 
view by Carey and Stairmand (1952), Attempts have in fact been made to avoid 
this cushioning effect by design of a ‘free crushing* mill, for instance by means 
of centrifugal ball mills, of which an example is afforded by the design of Carey 
and Heywood (1941), whose work was not carried to completion, but who 
regarded the production of a free crushing machine as quite feasible. More 
recently a free crushing ball and cone mill has been tested by the British Coal 
Utilization Research Association (1955) and has shown promise of greatly 
improved performance. If theoretical efficiency can reach as high an order as 
26 per cent, it could be assumed that the precise mechanical method of applying 
the force to the particle, in relation to the shape and size of the particle, may 
have a profound influence on the efficient utilization of the energy. Such con¬ 
siderations have formed an important aspect of the investigations of Broadbent 
and Calcott (1955) into mill mechanics, in which connexion the ball and cone 
mill was designed. 
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RATE OF STRESS APPLICATION 

Whatever the influence of mechanical and manipulative faults in fracture 
investigations, experimental evidence shows that the energy required for break¬ 
age varies greatly with the rate at which the stress is applied. The higher 
efficiencies, as judged from surface production observed with the slow crushing 
of single blocks or pieces, are supported by the observation of Heywood (1950- 
52) that the compression of cubes of a brittle material is a method of fracture 
involving minimum energy losses. The energy being applied slowly, it is less 
likely that the limiting strain energy will be exceeded before fracture occurs, 
than in the method of impact breaking. Evidence on the merits of different 
procedures is not free from contradiction, for it was shown by Fahrenwald and 
co-workers (1937), in drop weight tests, tbzt z light high-velocity load does more 
crushing than an equivalent low-velocity load and produces more fines. Similarly 
with metal specimens, Koster (1934) found that the amount of energy required 
to produce fracture decreases with increase in rate of loading. Honig (1937), 
however, could find no significant difference between the results of pressure 
crushing and those of impact by falling weight, using cement mortar and brick 
cubes. Bond (1946) regarded impact strength as a better guide to grinding 
resistance in gyratory and ball mills than standard crushing strength tests. He 
tabulated comparisons for 9 materials and the impact strengths of 72 materials. 
It had been shown by Work (1928), however, that with rapid loads the fines 
produced are less than those produced by slow compression, the latter being 
more efficient so far as surface production is concerned. Heywood (1935) and 
Carey and Bosanquet (1933) found that impact breaking becomes as efficient as 
slow compression breaking only when the applied impact load is just sufficient 
to produce fracture. Adams, Johnson and Kwong (1949) also regarded impact 
breaking (falling weight method) as less economical of energy than breaking by 
means of a hydraulic press. From experiments with a ball mill and with a 
100-ton Amsler machine, Jager (1948) concluded that present methods of 
comminution could be best improv^ by progressive crushing and not by impact. 
The differing effects of impact and slow compression on breakage have therefore 
led to the postulation of a suddenness factor. Bennett (1941) made a study of the 
quantitative relations between this factor and^ the breakage process, and Piret 
(1953) put forward a rate theory to the effect that resistance to crushing is a 
function of time. Taylor (1947), in supporting the rate theory, discusses the 
possibility of viscous flow preceding fracture. Recent work in U.S. A. by Charles 
(1955) h^ shown that for a single material, glass in the present investigation, 
different methods of applying impact load will produce different characteristic 
particle shapes and different types of size distribution. Although time/load 
deformation relations have been the subject of extensive investigation for metals 
(see Hopkinson (1872)), there are veipr few data available for rocks. The view of 
a rate factor, however, has quantitative support from the work on glass rods by 
Preston (1942-5), from which it has been found that the breaking stress is 
inversely proportional to the time of application. (This view is supported by an 
equation put forward in 1939 for gjass and quoted by Preston: 

Force x log lo time/6 = 65 000 

If the curve connecting reciprocal F with log t is extrapcdated substantially 
each way, two striking implications are made. One is that the stress that can be 
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supported for an infinitely long time is zero and the other is that no finite stress 
will cause breakage (of glass) at extremely short time.) Whether these extreme 
implications are valid or not, the existence of a time factor presents considerable 
dfficulties in the analysis of the energy performance in comminution. The con¬ 
tradictory nature of the conclusions on the merits and effects of impact breaking 
V. low-velocity crushing may be due to inadequate or faulty data or to the 
comparatively low velocities used in the falling weight tests. The effects of impact 
velocities such as those attained in faigh-sj)eed hammer or pin mills might repay 
further investigation. Significant results are reported by Pufie (1950) from large- 
scale tests on lead-bearing sandstone. His replacement of jaw crushers, roll mills 
and even ball naills by impact crushers has resulted in a substantial increase in 
the rate of output and a reduction in the power requirements per unit of product, 
as well as considerable selectivity in the shattering effect. 

MECHANISM OF FRACTURE 

Since so much of the mechanical energy applied in comminution processes is 
apparently wasted, a comparison was made by Bond (1953) between the results 
of mechanical breakage and breaking by explosives. It was found that for 
equivalent energy input the results were about equal so far as surface production 
was concerned. This investigation did not solve the problem of what became of 
the energy, but since it was difficult to believe that the efficiency of shattering by 
explosive could be as low as 1 per cent or less, it was also difficult to believe that 
the efficiency of mechanical breakage could be of the low order hitherto 
calculated. 

The great bulk of the energy applied in comminution, however, has been 
shown by Taplin (1934) to be employed in stressing the particle to the point of 
fracture, this energy being some thousands of times greater than that necessary 
for actual fracture, except for very small particles. This means that the work 
input necessary to break the rock is essentially that necessary to deform the rock 
beyond the critical strain and form crack tips. Kick (1883) had indicated that the 
governing factor at the moment of fracture is pressure, but that the quantity of 
work input is what governs elastic deformation before fracture, the former being 
in square relation and the latter in cubic relation to the results of fracture. It has 
since been considered on theoretical grounds and from the results of experi¬ 
ments by Johnson, Axelson and Piret (1949), that the strain energy absorbed is 
proportional to the new surface produced. Many workers believe that the bulk 
of the applied energy is used in straining the material and that most of the energy 
reappears as heat on release of strain. It is claimed by Shand (1954), and dis¬ 
puted by others, that permanent weakening of glass rods can be brought about 
by prolonged stressing. Some of the energy input thus appears to be absorbed 
in permanent strain, for attempts at energy balance from the results of calori¬ 
meter experiments leave much of the heat otherwise completely unaccounted 
for. Adams, Johnson and Piret (1949) endeavoured by means of X-rays to 
discover evidence of such strain in fractured pieces of brittle materials but 
without success. They found evidence of strain in rock salt, however, but no 
improvement in the efficiency of grinding which might be expected to result 
therefrom. Walker and Shaw (1954), on the other hand, consider that evidence 
does point to plastic flow in materials ordinarily considered brittle. For this 
reason they consider that little difierence exists between ordinary comminution 
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processes such as ball milling and madhine-grinding; they therefore regard it as 
feasible that the machine-grinding technique offers a precise means of studying 
the characteristics of various materials, particularly as this technique would 
provide particles of essentially uniform size. Previously Engelhardt (1947) had 
considered the relation between energy consumption and surface formation in 
the products of abrasion, e.g. from grinding wheels, and had attempted a 
quantitative treatment. Kuznetsov (1954) deals with the distribution of energy 
by this method and finds that a negligible fraction is spent on increase in surface 
energy. 

The existence of a time interval between application of load and response of 
the specimen was observed by Andrade (1911) and clearly demonstrated some 
years later by Clarke and Wood (1949). The nature of delayed yielding in metals 
and polyamides has been studied by George (1952), who places special emphasis 
upon the nucleation of macroscopic flow in the region of stress concentration in 
advance of the primary flow or fracture event. Other work has been done by 
Wallner (1939), Leeuwerk (1955) and Irwin and Kies (1952). In regarding the 
mechanism of breakage as a nucleation process, Simmonds (1956) associates 
breakage with such diverse operations as boiling, dropwise condensation and 
crystallization, in that they all represent the formation of new interfaces and 
involve the formation of a nucleus and then a growth process. Investigations on 
the breakage of glass being conducted at the Massachusetts Institute of Tech¬ 
nology, by Charles (1955), Yoda (1956), Smith and Ferguson (1950) (on plastics), 
facilitated by the employment of a hi^-speed photographic technique and the 
use of a device for measuring short impact times, should throw further light on 
the mechanism of fracture. 

The mechanism of breakage has been the subject of considerable investigation, 
but on a few types of material only, namely metals, glass, conorete, and more 
recently, coal. The widely accepted view that breakage occurs at, and is facilitated 
by, cracks and imperfections both outside and inside the specimens has followed 
the work of Griffiths (1920), who found that glass threads which had aged were 
much weaker than freshly ffirawn threads. This is held by Joffe (1928), Smekal 
(1937) and Andrade (1937) to account for the very low tensile strength of glass 
as compared with the theoretical strength, the actual strength being several 
hundred times less than the strength calculated from electrical theory. The depth 
of surface cracks was found by Holland and Turner (1934) to have a relation to 
breaking strength, for with cracks at depths no greater than 0-005 mm, they 
obtained values within 10 per cent of the theoretical tensile strength. Metals 
exhibit a similar disparity between theoretical and actual tensile strengths, due 
presumably to inclusions and crystal lattice dislocations, for the recently- 
prepared single-crystals of various metals have exhibited an enormous mcrease 
in tensile strength, up to one hundred times the strengths hitherto accepted for 
these metals (Hardy, 1955). Timoshenko (1953) has observed that if the strength 
of brittle materials is affected so much by the presence of imperfections, it seems 
logical to expect that the value of the ultimate strength will depend upon the 
size of the specimens and will become smaller with increase of dimensions, since 
the probability of weak spots occurring is increased. The phenomena cormected 
with fatigue and work hardening of metals would be of interest with regard to 
the foregoing (Thornton, 1955). 

Coal is anoffier brittle material whose chemical and physical nature and lack 
of homogeneity complicate considerably investigations into the mechanisni of 
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its fracture. Bennett (1941) and Brown (1953) regard the breakage of coal as 
occurring at flaws which are variable among themselves but which have a random 
distribution. A general law of coal breakage has been suggested: when work is 
done on a brittle material, the energy appears partly as new surface of frag¬ 
mented products and in part as the creation of fresh inner weaknesses. The 
phenomena and problems concerned with coal breakage are dealt with in a later 
section. 

According to Smekal (1937), the grinding of most bodies is only possible 
because of minute cracks or faults in the crystal lattice. The distribution of these 
is such that domains of crystal of the order of a fraction of 1 micron are free 
from them, so that further subdivision ceases when small pockets of faultless 
material have been reached. In order to be able to grind still finer, it would, 
according to this theory, be necessary to produce minute flaws or faults in the 
lattice within these pockets. One method suggested for producing them is by 
bombardment with high-energy particles, for instance by X-rays or by thermal 
neutrons, but no results of any trial on brittle materials have been reported 
to date. 

The relation between actual tensile and theoretical strength has been explored 
by Sales and Huttig (1954), who regard behaviour on grinding as depending on 
a ‘secondary structure’ and associated with the chemical bond strength of the 
material. From the five methods of structure examination used, they conclude 
that the grinding process could supply valuable information on structure and 
bond spectra. Kuznetsov and Kudryashewa (1952) have also investigated the 
relation between the energy of grinding and the crystal structure or chemical 
formulae of solids, and have presented data which indicate some correlation. 
Hcywood (1950) has suggested that research is needed into the true meaning of 
surface to distinguish between new surface due to literal separation of molecules 
and existing surface present as fine fissures. 

A picture of fracture development put forward by Poncelet (1944) was based 
on the compression of glass squares. A new theory based on thermal agitation 
and wave propagation is proposed by him to account for the progress, velocity 
and forking of cracks. The theory accounts for the preferenti^ tendency of the 
small.er fragments to continue fracturing. It would thereby account for the two 
distribution modes at first fracture as described by Heywood (1950-52), and 
illustrated by Andreasen and co-workers (1937) by means of an idealized repre¬ 
sentation of crack development as judged from observations of crack configura¬ 
tions in crushed cubes of glass and feldspar. Shand (1954) has put forward a 
concept of the fracture (of glass) based on experimental data: the rate of 
propagation of cracks originating mainly in surface cracks increases with crack 
growth until a critical stress is reached at the crack tip at a limiting crack 
velocity, the critical stress being estimated at up to several million pounds per 
square inch. In a study of fracture dynamics, Irwin and ICies (1952) found that 
an extension of fracture requires little driving energy, which may be assessed; 
a simplified direct application of energy balance principles to rapid fracturing 
is discussed. 

The magnitude of the breaking stress for various solids is found to be seriously 
modified by the nature of the fluid in contact. Benedicks (1945-8) found that 
contact with liquids, solutions and certain vapours in some cases increases and 
in other cases reduces the stress required for fracture as compared with the dry 
materials. The simple view is that on exposure (of glass) to water vapour, the 
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eatry of the latter into the surface cracks diminishes the cohesion at the crack 
tip, thus decreasing the surface tension and the breaking strength. When the 
material is actually wetted, however, the strength may be increased owing 
possibly to a readjustment, by solution, of the crack surface and a consequent 
increase in surface tension, or to the behaviour in some respects of the liquid as 
a solid. Recent work by Gregg (1955) has shown quantitatively how adsorption 
of water vapour (but not benzene vapour) reduced the breaking strengths of 
highly compacted discs of caldum carbonate, kaolin and boric acid. The presence 
of water vapour in the surface cracks of glass is reputed to be partly responsible 
for the disparity between theoretical and actual tensile strengths. On the other 
hand Gurney and Pearson (1949) found that contact with water vapour and 
carbon dioxide both delayed the fracture of glass rods. A comparable effect 
was found by Bantam (1945), where the plastic deformation of coal was 
facilitated by the presence of adsorbed water vapour. Brown (1953) found that 
if the adsorbed water is removed by heating to a moderate temperature, say 
130°C, the coal after cooling could be broken more easily than if not thus 
treated. Eller (1928) and Witte (1931) discovered that the time of grindin g cement 
clinker could be reduced by lowering the relative humidity of the air in contact, 
and simila r results were obtained by Albinsson (1953) for the commercial 
grinding of feldspar. Investigations, however, on the effects of contact with 
liquids and vapours possibly cover a variety of phenomena which are not always 
recognized as separate and which probably required closer analysis. 

Joffe (1924) found the breaking stress to be much increased if surface cracks 
(a) are removed, e.g. by dissolving the surface of rock salt in water, or the 
smface of quartz threads in hydrofluoric acid, or (b) are avoided as in the case 
of freshly-drawn glass fibres (before ageing). Weakening of glass imder pro¬ 
longed stress is probably caused by the development of cracks and the entry of 
air or moisture which neutralizes the cohesive force across the cracks, for this 
weakening did not occur with equivalent tests in vacuum. Ring and Tabor (1954) 
found it possible to prevent brittle fracture of rock salt and ice by subjecting the 
materials to hi^ hydrostatic pressure. Marked plastic deformation occurs and 
the plastic yield stress under these conditions reaches values very much greater 
than the bulk shear strength of uncompressed specimens. The effect of lubricants 
on the abrasive strengths of various materials was studied by Engelhardt (1945- 
50), who found that change of lubricant could halve the abrasive strengi. The 
influence of liquids on boundary surface energy of an abraded body and on the 
sizing of the abraded particles was also investigated by Engelhardt and discussed 
by Ramsauer (1951). 

SIZE EQUILIBRIUM 

If the internal weaknesses or discontinuities and external cracks are held to 
fadlitate the crushing of larger particles, it is to be expected that as the particles 
become smaller the occurrence of weaknesses would become proportionately 
less. This could at least partly account for the higher rate of energy consumption 
per unit of surface area produced as the particles become more finely ground, 
reported by JohiKon and co-workers (1949), and by Fairs (1954). This Tii ghp,r 
energy consumption, however, has a contributory cause in the tendency of the 
finest particles to reumte with one another or with larger ones as demonstrated 
by Bradshaw (1951). It has even been suited by Gaudin (1939, Chap. 6, and 
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also 1955) that since there is no known limit to the size of parfele produced in 
comminution, it is conceivable that with some materials condensation from the 
gaseous state may occur during the process. Indications are, however, that no 
mill can produce a product of unlimited fineness since the energy required for 
this would also appear to be unlimited (Andreasen, 1956). 

A further characteristic of the ground particle is regarded as having consider¬ 
able significance in the fine grinding operation. Beilby (1921) put forward the 
view that in all operations such as polishing, cutting and grinding, the surface 
of the particle or material acquires properties diflferent from those of the bulk. 
This surface is often referred to as the Beilby layer. In the case of quartz the 
presence of a vitreous layer was demonstrated by Ray (1922-3) by virtue of its 
greater solubility and by a decrease in apparent density of the particles. He 
calculated that after 18 hours’ grinding, 31 per cent of the crystallhie silica had 
become vitrified. Meldau and Robertson (1952) have summarized much of the 
work on the mechanism of the formation of very fine particles, and in discussing 
the vitreous layer on crushed particles, conclude that but for the presence of the 
Beilby layer a much larger proportion of very fine particles would be obtained 
on grinding. 

The behaviour of solid material during size reduction is regarded by Huttig 
(1953) as depending on its fine structure, i.e. on the crystal lattice and linkages, 
and on defective places and occluded foreign bodies which weaken the linkages. 
With continual milling a stage is reached, as already indicated, at which the 
mill no longer reduces but begins to weld smaller into larger grains until equili¬ 
brium is reached. Theimer (1952) and Sales and Huttig (1954), in a new approach 
to the subject, have attempted to develop the kinetics of crushing in formal 
analogy with chemical reaction: velocity constants are introduced and orders 
of reaction are defined by equations, so that it is possible to derive an expression 
for the equilibrium particle size distribution of a ground product. 


EMPIRICAL BASES OF EFFICIENCY 

Since the subject of co mminu tion has evaded all attempts at discovering a 
satisfactory theoretical basis to account quantitatively for more than a small 
fraction of the energy used in the process, alternative means have been sought 
for assessing the performance of machines and eflSiciency of operations with 
respect to the energy supplied. The principal aim is to be able to predict from 
laboratory or small-scale experiments the energy and power necessary for a 
required degree of size reduction with a given material and with various types 
of machine. Such predictions and indeed most of the developments in the field 
have until recently been based almost entirely on practical experience; here the 
prime considerations have been a desired degree or range of fineness, a desired 
shape of coarse product or the efi^ent separation of the desired mineral from 
gangue. The attempts at assessment from experimental data are necessarily 
empirical and have been mainly based on simple comparison between energy/new 
surface relations obtained from controlled laboratory experiments on the one 
hand and larger scale operations on the other. With the exception of a recent 
development (Bond, 1952), the linear energy/new surface relationship of 
Rittinger is held to be valid in most of these investigations, and has indeed 
received confirmation during the course of many investigations, althou^ the 
experimental evidence may be open to criticism for reasons already indicated. 
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The early uncertainty as to the magnitude of the contribution of the subsieve 
fraction to the total surface of a ground product has been partly reheved by 
recourse to modem methods of particle size determination, and to size distri¬ 
bution and surface area analysis of the finer particles. The typical practice, for 
instance, of Del Mar (1912), when calculating the efficiency of stamp miU 
operations from surface area determinations, of regarding all material pacing 
a 120-mesh sieve as lying between 120 and 150 mesh, is no longer entertained. 
Further improvement in accuracy is achieved by the use of shape factors, accord¬ 
ing to Heywood (1946), but there is still doubt as to the nature and extent of the 
surface appropriate to particular problems, and therefore as to which method 
of surface area determination should be relied upon. 

The laboratory data for making the empirical comparisons have usually been 
obtained from falling-weight or small ball-mill experiments. (The recent slow- 
compression method of Carey and Stairmand (1952) based on associated energy 
data at successive stages of crushing and not on surface area is referred to later.) 
The energy input has been taken as the net input after deduction of mechanical 
heat losses from the total energy input. The accuracy is not high but is stated to 
be within a few per cent. The net energy input may be related to the size reduction 
and distribution accomplished (Coghill, 1934), or to the increase in surface area 
brought about. The latter may be derived from the sieve size distribution for 
coarse products, by physical methods based on permeability and gas adsorption 
for fine products or by chemical means such as the solution of quartz surface 
in hydrofluoric acid, or of calcite surface in hydrochloric acid. The permeability 
method is the one most generally used. It is convenient and rapid, is reproducible, 
and with the reservation already made, is very useful for comparison purposes. 
The accuracy of the chemical method is very much in doubt since it relies on 
extrapolation to zero time after removal of say 3-14 per cent of the weight of 
the solid during the test (Fagerholt, 1945). A much more rapid method, but 
applicable only to magnetic materials, for instance the mineral ma^etite, relies 
on the establishment by Gottschalk (1935) of the linear relation between 
coerdvity and surface area. The value of this relationship in determining grind¬ 
ing efficiency has been demonstrated by Dean (1939). A simple determination 
of the coercive force of a product, occupying only a few minutes, can be trans¬ 
posed directly and accurately into units of surface area. Using drop weight 
apparatus, a linear relation was observed between work input and surface 
produced, and from tMs relation wet ball-mill performance was found to be 
between 43 and 65 per cent efficient. 

In the determination of efficiency of large-scale operations, the products 
obtained in commercial grinding equipment are compared with laboratory tests 
using identical methods of analysis, on the assumption that the laboratory tests 
have attained the maximum efficiency. In these circumstances, the efficiencies 
of commercial equipment have been determined by a number of investigators. 
They have been found to vary according to the type of mill and the fineness of 
product and have ranged from 3 to 60 per cent. An appreciation of the then 
current position was given by Prentice (1946). Wilson (1937) compared the 
power used in factory grinding of cement clinker with energy/surface-area data 
derived from a simple falling-weight apparatus and found efficiencies in the 
range 19-43 per cent, where the methods of determination of surface area pro¬ 
duction included, the use of the turbidimeter for the finest particles. An extended 
investigation was carried out more recently by G. L. Fairs (1954) on three types 
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of rock and with several types of comminutor, using a laboratory falling-weight 
(impact) crusher for deriving the standard energy/surface-area data. The 
efficiencies found by him ranged from 4 per cent for an air attrition mill to 
13 per cent for a ball mill and to 30 per cent for a swing-hammer mill delivering 
a coarse product. The results of the comparisons indicate that from such tests 
with a laboratory impact crusher the energy/surface-area rates for crushing an 
unknown brittle material, and the order of fineness of the product, can be pre¬ 
dicted for commercial mills in the series investigated. 

In these investigations, not only has the Rittinger hypothesis been accepted 
as the basis of comparison but it has received con&mation from the data 
obtained. Further support has been forthcoming from other recent investi¬ 
gations, e.g. by Gaudin (1945), by Schellinger (1952), who worked with a small 
ball-mill calorimeter using a variety of minerals, and by Bond (1939), who 
concluded that the new surface formed per unit of rotation of a ball mill is 
constant. Nevertheless there is no agreement as to its general validity or even 
as to its utility. An example of the widely held views on performance of com¬ 
mercial mills is provided by the opinion of Bond (1939), which was that the sole 
criterion of performance is an examination of the economics of the process and 
that efficient grinding is that which creates most surface for least expenditure 
of energy. Carey and Stairmand (1952) put forward the opinion that whatever 
the merits of the two classical hypotheses, they possess little or no advantage 
over empirical assumptions such as the requirement of 3-4,5-6,20-30 and I(X)- 
1000 kilowatt hours per tonne (short ton=2000 lb) respectively for coarse, 
intermediate, fine and superfine grinding. The authors went on to describe a 
fundamental method of measuring the energy associated with a reduction 
process and gave efficiency figures for commercial grinding equipment on the 
basis of the associated energy concept. 

The inadequacy of the two theories, already pointed out by Van Reytt (1888), 
had been considered by Ure (1924), Honig (1936) and others, who foimd that 
the energy relations lay somewhere between the Kick and Rittinger values. This 
view has been implemented by Bond (1952), who in agreeing with earlier workers 
that most of the applied energy is energy of strain or resilience, has proposed a 
compromise by regarding the energy requirement as being proportional to the 
square root of the reduction ratio or in inverse proportion to the square root of 
the particle diameter. The equation connecting the energy requirement with the 
reduction ratio includes a *work index’, which for a particular material is the 
standard on which further calculations are based, and is the energy required for 
the particular material to be reduced from a theoretically infinite size to 80 per 
cent passing a theoretical l(X3-inicron aperture (or 67 per cent passing a 200-mesh 
sieve). The work index can be determined by applying the equation to experi¬ 
mental data. It win then enable the energy requirements to be calculated for a 
prescribed reduction, after which reference to manufacturers tables will indicate 
the size of machine and horsepower required. Work indices have been calculated 
and tabulated for some 60 types of material, based on the data provided by some 
1200 large-scale and laboratory tests performed over a period of some years. 
Bond also gives an expression for calculating work indices from rod and ball- 
mill grindability indices, which embodies the square root factor. Bond’s ‘3rd 
theory’ has met with varying recognition, but has been welcomed in many 
quarters, as an important contribution to the problem of finding a way out of a 
difficult situation and of predicting power requirements for specific operations. 
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Holmes (1956), in his detailed study of Kick’s original papers, has put forward 
an expression for work done, on the lines of Bond’s equation, where according to 
the value of an exponent, the equation corresponds to one or other of the theories 
already discussed. The author indicates, however, that the first two theories are in¬ 
adequate and that Bond’s theory, although useful for prediction, is oversimplified. 

A relationship of quite a different order has recently been put forward by 
Kiesskalt (1955) on the basis of laboratory ball-null experiments, in which 
the grinding energy and lifting energy were separately estimated. The results 
show that for britfle materials the energy consumption is proportional to the 
square of the specific surface of the product. 

Earlier criteria for predicting the power requirements from the resistance to 
grinding have been the grindability indices most closely associated with the 
grinding of coal for pulverized fuel. Two tentative standards have been put 
forward since 1930 by the American Sodety for Testing Materials, the tentative 
ball-mill method (now abandoned) and the Hardgrove machine method (now 
adopted). In the former the number of revolutions to attain a desired fineness 
is ascertained, and in the latter the surface area produced for a prescribed 
number of revolutions is determined. The grindability indices are calculated by 
reference to a standard coal. The grindability of a munber of materials, e.g. 
cement raw materials, rock crystal, fluorspar and coke were tested by ^isel 
(1953) in a Hardgrove mfll and it was found that the maximum ease of grinding 
was recorded for a particular surface-area/weight ratio for each material and 
for a given set of mill conditions. The most important governing factor was the 
initial particle size. 

THERMAL EFFICIENCY 

Another method of approach with a view to avoiding the difiSculties inherent 
in the application of surface energy data was put forward by Fahrenwald (1931) 
and has been taken up by later workers. Here the proportion of the net energy 
input considered as actually used in the breakage of the particles is simply the 
difference between this net input and the sensible heat developed in the operation. 
A laboratory ball mill suitably equipped is best adapted for the purpose. The 
proportions found by Fahrenwald for quartz, or in other words the thermal 
efficiencies based on net energy input, ranged from 7 to 20 per cent. Schellinger 
(1951-2) also carried out investigations with an improved baU-mill calorimeter, 
with a view not only to the determination of thermal efficiencies but to using the 
method for determination of surface energies of several minerals. The net energy 
absorption by the product not dissipated as heat was regarded as being trans¬ 
formed wholly to surface energy. The thermal efficiencies found were s imilar to 
those of Fahrenwald and ranged from 10 to 19 per cent, depending on such 
factors as mineral quality and pulp density, peak efficiencies in dry and wet 
grinding bemg similar. When the net energy adsorption was equated to the new 
surface produced, as determined by the gas absorption isotherm method, the 
resulting curves showed the relation to be linear. The surface energies calculated 
for the four minerals investigated, rock salt, caldte, pyrites and quartz, ranged 
from 26 000 to 107 000 ergs/sq. cm, the values being in order of hardness of the 
minerals. If the recognized value of, say, 920 or thereabouts, ergs/sq. cm for 
quartz is compared with the above value of 107 000, the latter would appear to 
be about 100 times too large. Thus it may be concluded that either the recognized 



FUNDAMENTAL ASPECTS 


13 


surface energy value for quartz is entirely wrong or else the net energy input is 
almost entirely unaccounted for except by assuming, for instance, that it goes 
into permanent straining or plastic deformation of the particles (Bennett (1941) 
and Kuznetsov (1954)). Some undoubtedly goes into the shearing of the suspend¬ 
ing medium according to Andrews (1938). It is known that some of the energy 
input is transformed to radiant energy (Kramer, 1953), but the proportion is 
probably not large. 

Carey and Stairmand (1952) describe in detail the *free crushing’ concept of 
particle comminution in which the energy required to crush a number of 
separated particles by slow compression between prepared faces is regarded as 
the minimum likely to be required for any industrial crushing process. They 
describe an apparatus for determining the associated energy of various crushed 
materials and establish curves relating to coal and quartz. These curves are then 
used to assess the eflSciency of four proprietary grinding installations, whereby 
net grinding efficiencies are obtained ranging from 6 per cent for a 6-ft diameter 
X 23-ft long tube mill to 35-6 per cent for a high-speed beater mill. If allowance 
is made for the additional fan power required for closed-circuit grinding it is 
shown that the closed-circuit naill has a lower efficiency than the open-circuit 
mill. This suggests that the potential advantages of closed-circuit grinding, which 
are achieved in wet grinding, are not realized in some of the dry-grinding 
installations at present available. A possible reason for this apparent anomaly 
is the observation, made by Carey and Stairmand in their paper, that the 
efficiency of grinding falls rapidly when the fines produced are not quickly 
removed from the grinding zone. There is evidence to show that scavenging is 
far easier in a wet mill than in a dry mill and that the power requirements for 
scavenging and classification in a dry mill are far in excess of the equivalent 
requirements in a wet mill. 

In general the efficiencies of commercial comminution processes are very low 
whatever the method of assessment The reason is not known and Gaudin (1939, 
p. 135) has observed that either the current grinding principles are all wrong 
or the data on specific surface energy are wide of the mark; or else there is a 
definite physical reason why efficiencies cannot be appreciably larger, much as 
there is a definite thermodynamic reason why steam-engine efficiencies are 
limited to the range below 30 per cent. The proportion of net energy input 
unaccounted for in the investigations referred to lends support to this view. 
Djingheusian (1953) carried out an investigation at some length to test the 
assumption already applied in practice for many years that if the operation is 
conducted at a higher temperature an improvement in efficiency should result. 
The results apparently confirmed the assumption, for with brittle materials the 
grinding time and energy input were considerably reduced by raising the 
temperature of the wet pulp by 60°F. Djingheusian has therefore advanced a 
‘new concept that the absolute mechanical efficiency of grinding is a function of 
the internal heat energy of the material’ and that ‘part of the heat applied 
externally or generated in grinding is transformed into useful work, this being 
in agreement with the second law of thermodynamics’- All the relevant work 
was done on wet grinding, but apparently no account was taken of the fact 
that between the two important temperatures of comparison, 80°F and 140°F, 
water falls in viscosity from 0-85 to 0:47; thus the advantage attributed to 
thermodynamic effect might x>ossibly be attributed more appropriately to the 
simple viscosity effect- 
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Common examples can be quoted where ease and efficiency of grinding 
rubbery and sticky materials are greatly improved by removing rather than by 
supplying heat; but for brittle materials ordinarily submitted to grinding pro¬ 
cesses, the work of Schulz (1952) on quartz, taconite and magnetite has failed 
to show the existence of any appreciable temperature effect for dry grinding 
over a much greater range, 25°-400®C, than that used in the foregoing work. 
Changes of properties do of course occur at higher temperatures but any such 
changes affecting grinding properties would not be expected to happen until 
the second-order transition stage is reached; this, with rocks and minerals, lies 
in a region very much higher than the temperatures under consideration. Accelera¬ 
tion of grinding, as well as other advantages, can often be obtained by the 
employment of well-known grinding aids, cooling and other devices. 

SIZE DISTRIBUTION 

The practice of crushing and grinding has always involved the operation of 
sieving in order to determine the abundance of various sizes in the product. In 
crushers with fixed openings where a coarse product is desired, simple screening 
is usually sufficient and a knowledge of the abundance of sizes in the desired 
coarse size range is easily obtained. With fine grinding a substantial proportion 
of the product will fall below the sieving range, the practical limit of which is a 
sieve of about 200 meshes to the inch. As already mentioned by Gates (1913) 
and Gaudin (1926), a knowledge of the size distribution in the subsieve range 
is of the greatest importance, particularly in view of the extent of surface area 
at the very fine sizes. The size analysis of such particles involves complicated 
and comparatively lengthy methods, the accuracy of which it is difficult to 
ascertain. The size distribution of crushed and ground material has been 
studied for many years, and more recently its importance has extended to 
powders for powder metallurgy. Regularities observed in the distribution of 
crushed or broken products of certain materials, particularly coal, have led to 
the formulation of mathematical expressions with which the distributions 
observed in sieving analysis agree more or less closely. The applicability of an 
exponential function was apparently first discovered by Gates (1915). Blyth, 
Martin and Tongue (1923) put forward an expression relating size with the 
number of particles. Gaudin (1926) presented sieving data in a series of curves 
and later proposed an exponential function to which the data reasonably con¬ 
formed. Several other formulae are given by Taggart (1945) but the most widely 
used function has been that developed by Rosin and Rammler (1930-34), 
during their comprehensive investigations into the breakage of coal. This 
exponential function, needing only two sieving operations to establish a normal 
distribution curve, was found to be generally applicable to the fine grinding of 
amorphous and crystalline materials below the size of 1 millimetre. Its applica¬ 
bility was facilitated by the work of Andreasen (1930), who produced the most 
accurate and reliable information up to that time on the products obtained by 
crushing various materials in laboratory ball mills. The use of such a function, 
if applicable in the subsieve range, to the calculation of the specific surface of 
ground coal, would have a valuable connexion with pulverized fuel com¬ 
bustion. The significance of the Rosin-Rammler function has been described 
by Brown (1941), and modifications have been made, notably by Bennett and 
Sperling, for the purpose of widening its limited scope; but Fagerholt (1945) 
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undertook a critical analysis of the various formulae proposed to represent size 
distributions, and found it necessary to carry out a statistical investigation of the 
errors involved in sieve and sedimentation analyses, sampling and counting, 
errors on which little information appeared in the literature. When tested by 
the results of these investigations, he found that none of the seven distribution 
formulae proposed since the time of Martin, nor more general formulae em¬ 
bracing them, possessed the validity claimed or universal validity for a ball- 
mill product. Nevertheless, the presentation of the Rosin-Rammler function as 
modified by Bennett and Sperling has been incorporated in the German Specifi¬ 
cation D.I.N. 4190, ‘Test Sieve Procedure and the Application of the Grain 
Size Graph’. Further, the size characteristics of dusts were investigated by 
Feifl (1952) and attempts made to describe them by an exponential function. A 
‘Characteristic Quotient’ for a dust, proposed by him, is a ratio of the values 
at two arbitrary positions on the graph. The application of the Rosin-Rammler 
function to coal is referred to in a later section (p. xx). 

Svensson (1953) has examined the two distribution formulae most widely 
recognized, those of Gaudin and of Rosin and Rammler, in the li^t of their 
relevant data and has presented a general function of which the above two 
formulae are special cases. This general function has been tested successfully 
on many size distributions of materials from different sources. Products of fixed 
opening crushers, e.g. jaw crushers, may not comply, or may possess two or 
more distributions. The greatest practical utility of the function so far has been 
in the calibration of test sieves, for which methods have been described and 
calibration tables provided. The calibration of sieves, for reasonably accurate 
work, by methods other than optical measurement appears to have been realized 
as a necessity. It is doubtful whether the products of sieving are strictly of the 
size indicated by the sieve number, and there is evidence that considerable error 
can occur by assuming that sieve fractions are strictly in accordance with the 
denoted sieve sizes and ratios. 

In recent years endeavours have been made, by Puffe (1948), Kiesskalt (1951) 
and Langeman (1955), to extend the use of Rosin-Rammler graph for the 
determination of surface areas, these values being also presented graphically 
in relation to the size distribution straight lines, and having regard to particle 
shape factors (Heywood, 1937). A special paper is made by a German firm which 
enables surface area to read from an adaptation of the size distribution curve 
(Rammler, Glockner, 1952). The work has also been extended in attempts to 
determine surface areas of distributions which deviate from the Rosin-Rammler- 
Sperling straight line. It is contended, however, by Bull (1955) that since the 
data for deriving a distribution curve are obtained only from the sieving range, 
it is not possible to calculate the specific surface of a very fine particulate material 
from such a curve. More recently, and as a practical measure, Kihlstedt, 
O.E.E.C. Mission No. 127 (1953), has proposed a ‘classification quotient’ as a 
criterion for a ground product. This is a dimensionless quantity jST, and equals 
X 5, where K^q is the sieve size in cms at 90 per cent passage, and S is the 
specific surface area in cm^/cm^. This quotient is considered to be appropriate 
for a purpose such as mineral dressing, where a specified fineness is to be 
obtained and where overgrinding (as in all grinding operations) is to be avoided. 
Thus the more efficient the grinding or classification, the lower is K, which 
should be as low as possible for the purpose in view. If surface area is assumed 
to be proportional to the power used, the surface produced per kilowatt-hour. 
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together with the classification quotient, should enable the ore dresser to 
determine the size of the grinding equipment required. 

Distribution functions of the exponential type do not adequately describe the 
coarsest material. This has been attributed fostly to an insufficiency of coarse 
sizes to give statistically satisfactory data, and secondly to the failure of the 
breakage forces to penetrate the lumps completely. The inadequacy of distri¬ 
bution functions alone to define breakage processes in general is concluded 
from the work of Epstein (1948), who considered that two functions were 
necessary; the first he called the breakage function, which describes the size 
distribution, and the second, the selection function, representing the probability 
of breakage of particles of each size. Bass (1954) developed an equation for a 
time-dependent particle-size distribution, containing a characteristic function 
of both mill and milling charge. Broadbent and Calcott (1955) believe that the 
concepts of a breakage function and a selection function can be used to develop 
full analyses of mill products without recourse to comminution theory, par¬ 
ticularly as the selection function introduces method and machine characteristics. 
They consider that breakage processes may be described in terms of various 
selection functions and a single breakage function, and have developed a matrix 
notation which greatly simplifies numerical work. The products of tests (with 
coal) carried out in a newly designed grinding mill, two-ball mills and a beater 
milij and with shatter tests on lump coal, have been successfully analysed by 
this means. H. E. Rose (1956) in his investigations into ball-mill dynamics 
already referred to, also adopts a breakage probability concept as a basis for 
his work. See also E. J. Roberts (1950-51). who gives reasons for discarding 
surface area and particular sieving results as criteria of grinding efficiency. 

The literature covering through-put characteristics, frequency of grain-size 
distribution, rate of grinding and rate of change of size distribution has been 
reviewed by Huttig and Moser (1954). 


NEED FOR PHYSICAL DATA 

The large amount of investigation into comminution over the last thirty years 
has failed to make any close approach to an adequate supporting theory and 
therefore to arrive at any proper accounting of the work expended in the process. 
The failure may be attributed to several causes. Firstly the merits of the Kick 
and Rillinger hypotheses have exerted a great influence on the study of comminu¬ 
tion, far too great in the view of some investigators. It is also claimed that con¬ 
clusions have been drawn on the basis of inadequate or imperfect data, derived 
for instance from uncertain measurements and unwarrantable assumptions, and 
extrapolation in the subsieve range of sizes; reduction ratios may have been too 
small and range too restricted, while doubtful values may have been taken for 
the net energy input, these being difference figures associated with known and 
unknown energy losses. The sieving operation itself lacks reliability, in that the 
material while being sieved can become abraded, that corrections must be 
applied for characteristic particle shapes for surface calculations, and the 
operation itself can only be defined empirically, chiefly in reference to timing and 
manipulation. Calibration of sieves by the use of powders of known size has 
been advocated; a method of calibration using a size-distribution function, 
devised by Svensson (1953), has already been referred to. 

Errors from the above sources may give rise to large errors in surface-area 
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values and size-distribution calculations, but would hardly account for the low 
order of theoretical efficiency commoiily accepted. Whether energy input is 
transformed to surface energy or strain energy, or whether a thermodynamic 
principle is involved, the problem of energy balance constitutes the largest gap 
in the knowledge of comminution. It is not likely to be solved until more is 
known of those aspects of solid state physics which concern dislocation and 
fracture development. The lack of precise data on the surface tension or total 
surface energy of a solid is a real hindrance to the study of processes such as 
catalysis, adsorption and cohesion, and to the solution of the complex problems 
of crushing and grinding. Data for ductile metals obtained experimentally are 
difficult to reconcile with those calculated for crystalline solids (Schellinger, 
1952). Little is known of the surface ener^es and strengths of the common 
minerals, nor of their other physical properties, although Bond (1^) has 
tabulated the compressive strengths of 56 Canadian ores, the impact strengths 
of 72 rocks etc., and a comparison of the crushing and impact strengths of 
22 materials from limestone to taconite. Wurker (1953) has put forward a plea 
for increasing the knowledge of the strength and elasticity of rocks, for the 
application of the standard methods of mechanical testing, for more exact 
testing and agreement on procedures, and for correlation of results with 
behaviour of the rocks in abrasion and comminution. To this end, a compre¬ 
hensive programme of investigation has already been put in hand at minois 
University. The importance of a knowledge of the physical properties of coal 
has been realized by Brown (1953) and considerable fundamental investigation 
has been put in hand. The thermodynamic approach to comminution might 
offer a fruitful field for investigation, but much improvement in accuracy of 
measurement is called for. The magnitude and universal employment of the 
technical processes of comminution would justify a considerable effort in 
attempting to solve the problems which have arisen, even if improvement in 
equipment and operation will not always wait for the results. 



Problems of Breakage and Structure of Coal* 


R. L. Brown, M.A., F.InstF., F.Inst.P. 
{British Coal Utilization Research Association) 


Coal is a brittle material whose properties vary with direction and from one part 
of the coal to another. It also shows elastic and plastic properties which can be 
demonstrated in the laboratory. In principle these characteristics together 
determine the breakage and size of distribution of coal, both during mining and 
further preparation for use. The importance of size distribution for its various 
uses is as great in the case of coal as it is for any other mineral. 


GRADING AND SIZE DISTRIBUTION 

At any stage in the mechanical handling or crushing of coal, the product 
consists not of a single desired size but of a range of sizes which, in general, 
necessitates a separation into fractions appropriate for specific purposes. A 
study of the methods of grading at the pit head was carried out during 1945-7 
by a committee of coal producers and distributors. It was found that the 
grading normally employed at collieries to produce the sizes sold, under well- 
known designations was in accord with a basic law governing the distribution 
in these grades. 

Many years previously a study by Rosin-Rammler of the distribution of the 
finer sizes had shown that these distributions could be represented by the well- 
known exponetial law: percentage oversize=l(X)e--<^/^>. Fig. 1, based on later 
work, shows how closely the Rosin-Rammler law can be extended to the size 
distribution of run-of-mine coal over a very wide range of sizes—^from a few 
thousandths of an inch to about 5 inches. The data for three collieries working 
the same seam are plotted. The co-ordinates are so chosen that the curves should 
be straight lines, if the Rosin-Rammler size distribution is, in fact, being pro¬ 
duced. In addition, if the material is identical and similarly treated, the three 
straight lines should be coincident. The straight-line form is self-evident, and 
the three lines are as close to coincidence as might be expected. It can be seen 
also from the figure how appreciable is the proportion of ‘fines’ that are pro¬ 
duced along with the inch and similar sizes of coal. For example, if ‘through 
10 mesh’ (0*066 in. square aperture) is taken as the limit, then it can be seen 
that at these collieries about 4-7 per cent of the total output was of this fineness 
or less; at some collieries it would be 9 per cent. 

Generally speaking, the distribution n may be regarded as characteristic of 
the method of breaking. There is support for the view that in practice a con¬ 
signment of coal attains a stable size distribution in the sense that n becomes 
constant, althou^ x (the constant of fineness) may decrease slowly in size. 
This stability of size distribution means that ‘smalls’, i.e. coals having only an 

* Acknowledgement is made to The Times for permission to use abstracts and illustrations 
from the article entitled “The Physics of Coal’*, which appeared in The Times Science Review, 
Winter, 1953. 
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Upper limit of size, will on the whole contain a constant proportion of fine 
material, and this is found to be the case. 

In more complicated cases the si^ distribution is bimodal—^as if two distri¬ 
butions, overlapping in size range, had been added together—^but the fine mode 
follows a similar law. 

I.M.M. SIEVES SCREENS 



Fig. 1. Distribution of size of coal from the same seam 
worked at three adjacent collieries 


The basic law for broken coal is essentially ‘non-dimensionar; it can be fitted 
to actual dimensions—^and fitted well—^but makes no prediction about them. 
There is nothing surprising about this, for the law is not inherently about coal, 
but about materials with rather generally defined statistical properties. 

COAL STRUCTURE 

No two pieces of coal, even from the same seam, are identical, and few pieces 
of coal are homogeneous within themselves. Variations in properties according 
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to direction are associated with the laying down of the coal measures in ‘bedding 
planes’ which were originally horizontal, but which subsequently became 
stressed and distorted. Against this background coal may be regarded, as a first 
approximation, as a precracked solid containing numerous flaws at which 
breakage occurs preferentially. A distinction can be made between gross and 
micro-structure, although it is not yet possible to relate the flaws precisely to 
either of these categories. Gross structure includes visible cracks and ‘weak¬ 
nesses’ which are normally invisible but which can be detected by radiographs 
of coal impregnated with lead salts, and which are probably shrinkage cracks. 
Within the gross structure, coal exhibits also a micro or capillary structure with 
diameters ranging from 5 A to 50 A. 

In general, the application of external forces causes breakage only at flaws. 
Disintegration at capillaries is at present regarded as occurring only under 
exceptional conditions, for example by dissolution in solvents. 

COAL BREAKAGE 

A descriptive model of a pre-cracked solid may be developed in two ways: 

(i) It may be assumed that fracture takes place at the weakest flaws. This is 
the condition to be expected when loads are applied slowly. It is found in the 
breakage of fibres or fibre bundles where the notion of a chain breaking at its 
weakest link appears to be applicable. By assuming a simple statistical distri¬ 
bution of the strength of the flaws and using an equivalent of the statistical theory 
of extreme values, the strength of a specimen can then be related to its volume. 
Slow compression of large blocks of coal has given results approximately in 
accord with this theory. The theory also leads to a law of size distribution as a 
variant of the ‘ normal ’ (Gaussian) law in which numerous small and independent 
influences cause deviations from a mean value. It is difficult to distinguish experi¬ 
mentally between this law of size distribution and the Rosin-Rammler law, but 
the balance of evidence is in favour of the latter. 

(ii) It may be assumed that the strength is determined by the total extent 
(area) of the flaws, it being supposed that breakage occurs simultaneously (or 
riearly so) at many points of the solid. This is necessary to account for fragmenta¬ 
tion imder impact into numerous pieces. The assumption in this case is that the 
load is rapidly applied and, again, a relationship between strength and size of 
specimen can be derived. There is some evidence that the shattering of coal 
follows this relationship. If, in addition, it is supposed that fracture is equally 
probable at ^ flaws, tMs second model leads directly to a law of size distribu¬ 
tion frorn which the Rosin-Rammler law may be obtained by repeated fracture. 

The difference between the two laws is essentially one of scale. The Rosin- 
Rammler law is a variant of the compound interest law. This latter is character¬ 
istic of a process of a steady building up, but it is not difficult to see the converse, 
that random shatteMg gives a product distributed in size according to the same 
law; for example, if a large piece is present, some fines must be absent, while 
medium-sized pieces can be present at the expense of either or both the large 
pieces and fines. This is true for any destructive process in which the product is 
on the same scale as the starting material. If, however, the product is on a smaller 
scale, it is subject to a conservation law, in the sense that the product is related 
to ffie ultimate units and these are associated with the long period of time 
during which the coal measures were laid down. 
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When large quantities of coal are handled, and fracture is taken to be depen¬ 
dent on the area of the flaws in the coal, then theory shows that a piece which is 
hit without being broken is likely to be weaker than a piece of the same size 
which had been formed from the breakage of a larger piece. This idea is clearly 
connected with the stability of size distribution encountered in practice and 
suggests, further, that efforts to reduce size degradation under random breakage, 
which do not at the same time reduce the energy imparted to the solids, may give 
a greater yield of the larger sizes, but only at the expense of their strength. What 
direct experimental evidence there is provides support for this argument. It then 
follows that the breakage of coal under the conditions normally considered 
cannot be controlled effectively and that whatever measures are adopted, the 
subsequent handling of coal may cause it eventually to revert to its stable size 
distribution. 

Then the issue that arises is whether conscious intervention is essential for 
coal breakage to be controlled. In a recent experiment it has been shown that 
in principle this is not essential. A small cube of coal, substantially free from 
visible cracks, was subjected to a large number of small blows—^too small, 
individually, to be of practical significance. At first there was no visible change 
in the cube, and then it began to crack both parallel with and at right angles to 
the applied forces. These cracks divided the cube into a few (usually fewer than 
eight) pieces with an almost entire absence of dust. If the shape of the cube were 
maintained by holding the pieces together with an elastic band and the succession 
of very small blows were continued, a marked change was observed; the cube 
suddenly shattered completely with the production of a large number of pieces 
and a lot of dust (Fig. 2). 



(a) ib) (c) 

Reproduced by permission of the Times Publishing Co, 


Fig. 2. To illustrate small and multiple breakage: (a), a single fracture 
from many light impacts: (h), a constrained cube giving multiple success¬ 
ive fractures wider many light impacts; (c), multiple fragmentation of the un¬ 
constrained specimen (a) under further light impacts 


ENERGY CONSIDERATIONS 

The difficulties in determining energy consumption during breakage are 
inherent with coal as with other minerals, but involuntary breakage does not 
easily lend itself to systematic investigation and, since the main interest has lain 
in the relative proportions of fines to sized grades, a descriptive approach, mainly 
through the study of size distribution, was sufficient. Voluntary br^kage in 
crushers and pulverizing plant is mainly judged, too, in terms of the size of the 
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products it produces. The study of energy dissipation in breakage plant is com¬ 
plicated by the fact that so much is lost in friction between the machine and the 
burden and in moving the coal through the machine that it is difficult to estimate 
how much is employed in the breaking of the coal. 

A complete analysis of the mechanism of coal breakage would require the 
measurement of (i) the energy expended in fragmentation of the coal; (ii) the 
energy stored in the fragmented material; (iii) the kinetic energy imparted to 
the fragmented products; and (iv) the energy dissipated in elastic and other 
vibrations in the fragmented pieces. 

Only the first and last of these items can at present be usefully discussed. In 
regard to the j5rst, the energy expended in fragmentation is often expressed in 
terms of the energy required to produce the surface. Since coal contains many 
pre-existing flaws and prestresses, this formulation must be limited to the new 
surface produced and must take account of that part of the energy which goes 
to the formation of new flaws in the product. That new flaws can be produced 
is shown by the fact that the amount of breakage which a consignment of coal 
undergoes depends on its pre-treatment. This may be seen in shatter tests in 
which coal is dropped from a fixed height on to a plate. Mild treatment (say 
18 in. dropping height) repeated very often makes the coal stronger; severe 
treatment (say 6 ft or 9 ft drops) gives about the same amount of breakage each 
time, but an intermediate shock can cause irregular variations in the amount 
of breakage. 

Shatter and allied tests provide, however, only a rough-and-ready guide for 
practical problems and a much improved experiment is necessary if the ener^ 
expended in fragmentation is to be evaluated properly. Such an experiment is 
by no means easy to devise. Nor are experiments on the fourth point, i.e. 
relating to elasticity and plasticity, easy to carry out. Here, however, there has 
been recently an important development in experimental technique in which 
the combined use of a hack-saw, band-saw and slitting wheel enables cubes, 
blocks, tensile specimens, cylinders and strips of coal (down to thicknesses of 
5/1000 in.) to be cut readily so that experimental techniques no longer need to 
be adapted to deal with irregularly shaped materials. 

Many of the phenomena of coal breaking described in this article resemble 
those observed with other materials. It is now well appreciated that, with suitable 
choice of rate and magnitude of loading, most materials will exhibit both 
recoverable and unrecoverable deformations; for example, glass exhibits creep 
if given long enough and cast iron either elastic deformation or brittle behaviour 
according to the way in which it is treated. It is becoming clear that a similar 
wide variation can be found with coal. What is notable with coal is, perhaps, its 
ready fragmentation under moderate loads of a few tons a square inch. Whether 
these phenomena arise solely from the presence of flaws in the coal or whether 
its micro-structure is also important is not yet clear, but it will be seen below 
that the role of capillaries cannot, at present, be discounted. 

SIMPLE CRUSHING 

The important difference between slowly applied and rapidly applied forces 
has already been mentioned: for the former it is possible to distinguish three 
phenomena observed with the lower rank coals, but not with anthracites. 

As the applied forces are slowly increased there is appreciable deformation 
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of the Specimen, often, but not always, elastic, and amounting in some cases to 
as much as 2~3 per cent. Thus if a pair of rolls is set with an aperture / and a 
specimen of thickness 1 *01/ is passed through the rolls, it can remain uncracked. 
If the size of the Specimen be increased to about 1 -02/, it fails in a single fracture 
(Fig. 3). A further increase in the size of the specimen passed through the rolls 
gives, &st, several distinct parallel fractures and, finally, multiple and irregular 
fragmentation with the production of a wide range of sizes. Without knowledge 
of the strength of the specimen before and after passage through the rolls, this 
work is necessarily incomplete, but it shows that some energy must go into the 
deformation of the specimen before it is broken. 

When a strip is passed through rolls, so that the bedding plane and the plane 
of the gap of the rolls are in the same direction, the strip develops a number of 
approximately parallel fractures as may be shown by radiographs. Again it is 
not known how far the weaknesses shown by.the radiographs are a development 
of existing macro-capillaries, and how far they are imposed by the externally 
applied forces. What is fairly certain is that the material itself is at least an equal 
partner with the applied forces in determining what takes place. 

The third observation relates to the size distribution of the fragmented material 
when complete fracture occurs. This type of breakage is substantially indepen¬ 
dent of coal rank, and is adequately represented by the simple exponential form 
of the Rosin-Rammler law (n = 1). Thus, when breakage eventually takes place, 
it conforms to the picture of multiple fragmentation at randomly disposed flaws 
at which the probability of breakage is equal. 

On the other hand, there is some evidence that abrasion and scratch hardness 
tests depend upon the rank of the coal, owing no doubt to the relevance of the 
micro-structure. 

Another phenomenon is observed as the particle size of the coal decreases 
below about 100 microns (0*01 cm). For example, a 30-micron particle placed 
on a microscope cover-slide can be spread with a spatula, operated so that a 
shear stress is obtained, into a thin layer. The force required to effect this plastic 
deformation is again rank dependent, and also varies with the temperature at 
which the experiment is carried out. It would seem that, for these fine particles, 
surface forces are comparable with bulk forces, a suggestion which recalls the 
known increase of stickiness of very fine particles. 

COMPLEX CRUSHING 

The effect of the rank of the coal may be illustrated by a well-known system 
of crushing in a laboratory machine known as the Hardgrove machine. Here the 
coal is placed in a ball race and subjected to an arbitrary number of revolutions. 
Measurement of the breakage either by the specific surface of the ground product 
or by the percentage of fine material (through 200 mesh or smaller than 0-003 in.) 
produced, shows that it depends upon the rank of the coal. In the Hardgrove 
test, however, the sequence of events is complicated, and it is not easy to unravel 
the importance of such factors as the primary breakage of the original lumps, 
secondary and subsequent breakage and shielding of some lumps from the 
breaking forces. 

Since in full-scale pulverizers the coal is dried, usually by circulation of hot 
gases, it is necessary to consider also the effect of heat treatment on grinding. 
The effect is a^in dependent on rank. Coal previously heated to (say) 130°C 
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(b), after first crushing^ 
the pieces E and F being 
separated after removal; 



(c), after second crushing, 
the upper piece G being 
from piece ofF of (b) and 
the lower piece H being 
part ofF. The black lines 
are mineral matter, and the 
grey are coal. The develop¬ 
ments of weaknesses into 
cracks can be seen. 


Reproduced by permission of the Times Publishing Co. 

Fig, 3. Photographs showing the fracture of a millimetre thick slab, D, 
on passing through a roller crusher with aperture 0*98 millimetre 
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to drive off moisture and adsorbed films, cooled and then ground, breaks more 
easily than untreated coal. If, however, the pre-treatment temperature is higher, 
then the coal structure may be so modified as to make breakage less easy. 


dynamic TESTING 

Now that techniques are available for cutting thin strips, dynamic tests 
involving forced transverse or longitudinal vibrations are possible. In spite of 
the general fragility of the specimens, a large amplitude can be obtained m a 
strip vibrated in resonance (Fig. 4). TWs points the way to the determination of 
elastic constants and, more important, of internal friction as functions of 
frequency and of amplitude of vibration. Now the internal fnction is sttongly 
structure-sensitive and the results obtained may help to distingmsh the influent 
of flaws from that of the micro-structure of the coal. Bearing m nund that the 
structure of the coal can be modified by the control of environmental conditions, 
in particular humidity and temperature, a wide range of experments ^mes 
possible. Because of this last point these experiments are interesting m their own 
right quite apart from their techmeal significance. 



Fig. 4. A strip of coal (3 in. x i i«. x 0-01 in.) is seen in resonant vibration 


MILL MECHANICS 

Practical application of the researches outUned above is for the fo^. 'Je 
findings themselves must not only be completed but put “ 
will be capable of technical appUcation. Success m this will 
hinted a more complete understanding of the mechames of foe breaking, a 
^lysls of the functioning of foe machine as carrier of 

and a description of its crushing action m t^s J Brifoh 

relevant characteristics of foe coal structure. The 

coals have been very recently surveyed. Tests on a rmg-b^l pfovenzer have 
shown a relation iSween mill performance and grindabihty “dex and have 
brought out foe importance of operating conditions on optimum performance. 

Aimfoer recent advance is the proposal to apply matrix algebra to process^ of 
ermtog annrinding. Matrix algebra has been shown to provide a valuabk 
tool es^ally important in furthering understanding 3- 

enabling data to be reduced to a compact, manageable form. Thus a “ 

breakage can be described by two parameters; foe proportion P^'*^ 

tja. intensiW of broakago. The m«hod haa 
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applied to shatter tests, grindability tests, involuntary breakage in a coal¬ 
handling system and milling in both open and closed circuit systems. 

The programme may appear formidable both on account of its complexity 
and difficulty, but the magnitude of the technical processes on which it bears 
justifies a considerable effort. In this country alone each year 200 million tons 
of coal are mined, increasingly by mechanical methods, and ever5dhing that is 
done to it before its final consumption involves breakage, voluntary or in¬ 
voluntary, Ten million tons each year are crushed at pithead. The tonnage of 
coal pulverized per annum is expected to rise in a few years to 30 million. Nor 
must it be forgotten that coal is only one of the many raw materials which pass 
through these processes. 



Methods of Particle-Size Analysis 

H. Heywood, D.Sc. (Eng.), Ph.D., M.I.Mech.E., M.LC3iem.E., MJnsLF. 

{Principal^ Woolwich Polytechnic, Formerly Imperial College of Science and 

Technology) 

Particle-size analyses determine the relative proportions of powdered materials 
corresponding to stated ranges of particle size, and may be assessed on a number 
or on a weight basis. Knowledge of the characteristics of particulate materials 
is of vital importance for many researches and industrial processes, both for 
the design of equipment and control of the quality of the product Much research 
on the various methods of size analysis has teen published during the last 
twenty-five years, and certain established procedures may now be standardized. 
The present object is to describe such procedures briefly, and to explain the 
fundamental principles upon which they are based. 

The normal methods of particle-size analysis comprise sieving, microscopical 
measurement (including the use of the electron microscope), and elutriation or 
sedimentation methods based on the motion of particles in a fluid. The approxi¬ 
mate lower limits of size to which these methods of measurement may be 
applied are shown in Table I. The limits of resolution by the microscope are 

TABLE I 


Normal Lower Limits for Various Methods of Particle-size Analysis 


Method of Analysis 

i 

! Lower Limit, microns 

Sieving 

76 normal 

44 possible 

Microscopical: 

Visible light 

Ultra-violet in air 

Ultra-violet in vacuum or N 2 

Visible light, practical limit without mono¬ 
chromatic fllumination 

0-2 ^ 

0*1 >theoretical limits of resolution 
0-03, 

1 

Electron microscc^ 

001 

Elutriation 

10 light minerals 

5 l^vy minerals 

2 with cardnjl temperature control 

Sedimentation: 

Gravitational 

2 normal 

1 with careful temperature control 

Centrifugal 

0*1 


fixed by fundamental optical laws, though a high degree of skill and experience 
is necessary to attain these limits. The limits for the other processes are arbitrary 
and may, in some cases, be reduced by further improvements in technique, but 
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the figures given are intended as a guide to attamments possible by scientific 
workers without specialized experience in the subject. 


SIEVING 

This is the most convenient method of grading powders to a normal lower 
limit of 200 mesh per inch, though sieves of 400 mesh per inch are available. 
The accuracy of sieving analyses is in all cases Imuted by the inevitable weaving 
tolerances of the sieve cloth, which are relatively large for sieves finer than 
200 mesh per inch. Standard sieve dimensions have been adopted by various 
countries, such as the British Standard Fine-mesh Test Sieves (B.S. 410:1943), 
the American Tyler Sieves and the German D.LN. series. These standards 
specify the average size of aperture and give tolerances for the size and number 
of oversize apertures. 

The process of sieving irregularly shaped particles may be divided into two 
stages; firstly the elimination of the fine particles which are considerably srnaller 
than the sieve apertures, and secondly the elimination of the so-called ‘near 
mesh’ particles that will only just pass the apertures when presented in a favour¬ 
able position. Fine particles should be eliminated comparatively rapidly by dry 
sieving methods, but if clogging occurs, then wet sieving under a stream of 
running water will be more eiOfective. The difficulty in-defining the ‘end point’ 
of a sieving analysis is due to the ‘near mesh* particles, and this stage of sieving 
should always be conducted with the dry powder to avoid the effect of surface 
tension. The rate of elimination decreases with sieving time, but never reaches 
finality, and the ‘end point’ is usually determined when the sieving rate has 
been reduced to 0-1 per cent of the same weight per minute. A standard time of 
sieving may be adopted for routine work, provided this has been found to satisfy 
the above limiting rate condition. A British Standard (B.S. 1796:1952, Methods 
for the Use of B.S. Fine-Mesh Test Sieves) gives det^ed descriptions of these 
sieving operations, and whilst special cases can always arise which present 
peculiar difficulties, the vast majority of powdered materials can be effectively 
sieved by the procedures described in the specification. The relationship between 
the size of particles classified by sieves and by other methods is dealt with in a 
later section. 


MICROSCOPICAL MEASUREMENT 

Particles are measured individually and counted by microscopical analyses, 
instead of being grouped statistically by a process of classification. The weight 
of material examined is inevitably small, though if there is a great variation in 
size the number of particles that must be measured to ensure a representative 
count may be very large. Microscopical examination is essential for a study of 
particle shape and other characteristics, and is especially suitable for the 
measurement of fine dust particles extracted from the atmosphere or from 
industrial gas streams which have been deposited directly on a glass slide or 
cover by suitable sampling appliances. 

If the particles deposited on a slide are resting in the most stable position, 
then microscopical measurement gives the average of the tv;o largest dimensions 
mid takes no account of the third dimension which is parallel to the axis of the 
mkarosoope. The procedure now generally adopted is to insert in the eye-piece 
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of the microscope a graticule on which dimensioned circles and discs are 
engraved. The microscope is set to give a known magnification and the particles 
are compared with these circles; hence the numbers of particles within defined 
size ranges or the frequency of occurrence on a number basis is determined. 
Although there is no mathematical difficulty in converting a numerical frequency 
to a size distribution on a weight basis, the accuracy of such a conversion 
depends on the extensive counting of a very large number of particles. This 
follows from the fact that as the wei^t of a particle varies as the cube of the 
dimensions, one relatively large particle may be equivalent to the combined 
weight of several thousands of the smaller particles present. A method has been 
developed by Fairs in which counting over a large range of sizes may be per¬ 
formed in, say, three stages at different magnifications. These separate counts 
are subsequently combined and it is thereby possible to reduce considerably the 
total number of particles counted, whilst preserving correct statistical control. 
Although the theoretical resolution with monochromatic light is about 0-2 
micron, it is now generally considered that microscopical measurements below 
1 micron are of doubtful value. 

Considerable research has been conducted during the last few years in the 
development of electronic equipment for the automatic counting and sizing of 
particles. 

The principle involved is that the particles are scanned by a spot or slit of 
light, the intensity of which is varied when a particle is traversed, and the effect 
recorded by an electronic counter. By scanning with a slit and guard spot it is 
possible to eliminate the edge effect, i.e. when the scanning slit only covers a 
portion of a particle. The sizing of particles, in addition to counting, requires 
more complex circuits and may be accomplished by repeated scanning using 
a memory device to synchronize successive traverses. In some systems it has 
been found more convenient to scan a photomicrograph of the particles rather 
than to scan the slide directly. Considerable research is in progress on all these 
systems and a successful particle counter and sizer will eventually contribute 
greatly to the speed of the microscopical method of measurement. A full 
description of the present stage of this research is given by ten papers in Supple¬ 
ment No. 3 of the British Journal of Applied Physics, 1954. 

The electron microscope has contributed much to the study of very small 
particles, particularly those below a size of 1 micron. The beam of electrons is 
capable of greatly improved resolution, down to 0-01 micron, and enables the 
true shape of minute particles to be observed clearly. 

The procedure of shadowing the particles with a metallic deposit enables 
particle shape and surface texture to be examined and gives virtually a three- 
dimensional impression of the particle. The electron microscope has been 
successfully applied to a study of carbon blacks, clay particles, silver bromide 
crystals in photographic emissions and many other materials. The principles 
of operation for size measurement are similar to those for the optical micro¬ 
scope, but the even smaller size of sample and the need for very large numerical 
counts present the same difficulties in a more exaggerated manner. 

ELUTRIATION AND SEDIMENTATION 

The gravimetric size analysis of particles below sieve size is usually accom¬ 
plished by proc^ses involving the motion of particle in fluids; the equivalent 
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size of particle is calculated from the well-known Stokes’s equation for the 
terminal velodty of fall, and the corresponding weight of material obtained 
either by direct sampling of a suspension or by some other method of deter¬ 
mining particle cont^ntration. 

Elutriation is a process of grading particles by means of an upward moving 
current of fluid, normally water or air; sedimentation grades the particles accord¬ 
ing to the velocity of fall in a column of fluid at rest. Elutriation has an especial 
advantage if it is required to subdivide a powdered material into a number of 
closely-sized fractions which may subsequently be subjected to chemical or 
mineralogical analysis. 

Elutriation by water is commonly used for the grading of minerals, the 
suspension being passed in sequence through tubes of increasing diameter. A 
novel design by Blyth departs from the earlier types of elutriator and enables 
six or more graded fractions to be prepared simultaneously. Air elutriation is 
necessary when wetting of the particles must be avoided, or when there is a 
large vmiation in particle density, as in boiler flue dust A design of air elutriator 
for such purposes is incorporated in British Standard 893:1940, and the 
Ehiultain air elutriator is widely used in mineral dressing laboratories. 

Sedimentation methods of analysis may be divided into two groups—cumula¬ 
tive and incremental. Cumulative methods measure the mean particle concentra¬ 
tion or the suspension density over a distance ranging from the surface level to 
some lower datum level. Ideal incremental methods measure the concentration 
at the lower datum level, though in practice the range of measurement must 
extend over a finite depth, which should be as small as possible in proportion to 
the distance from the surface to the lower datum level. 

Cumulative methods have some practical advantage in that the magnitiTHft of 
the measurements is larger, but have the disadvantage that graphical dififerentia- 
tion of the experimental curve (or an equivalent process) is necessary to deter¬ 
mine the size distribution. Two forms of this equipment in common use are the 
sedunentation column designed by Stairmand, and the sedimentation balance 
designed by Bostock. 

The most frequently used of the incremental methods is the pipette, such as 
Andreasen’s apparatus, in which a small sample is removed from the suspension 
at the lower datum level after various time intervals of settlement. The dispersing 
liqmd is evaporated and the weight of suspended particles determined. 

The hydrometer is a very simple instrument for measuring the density of the 
suspension during settlement of the particles. Althou^ the method is generally 
regar<^ as an incremental one, the length of the hydrometer bulb is not a 
negligible proportion of the distance from the centre of buoyancy to the surface 
lewl. HowevCT, the method gives reasonably accurate determination of the 
partkfle-size distribution of finely powdered materials, and is frequently adopted 
fiw sou sample and clays in the pottery industry. Some of the objections to the 
hydrometer meftod may be overcome by the use of ‘divers’, as described by 
Ber;^ These ‘cflvers’ are sealed glass vessels loaded to have a known specific 
gravity and th^efore float in the su^>ension at a level where the concentration 
of p^cles^corresponds to this density. Measurement of the velocity of fall of 
the ‘divers’ permits calculation of the particle size that corresponds with a 
suspension density equal to that of the ‘diver’. 

Another method of analysis is to transmit a beam of light through the suspen- 
sicm at a known depth below the surface and to measure photo-electrically the 
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variation in the intensity of the transmitted li^t with time of settlement of the 
particles. The size distribution by weight may be calculated from such measure¬ 
ments if a simple theory of light extinction is assumed, but diflBraction and 
scattering effects complicate the optical properties of suspensions of very fine 
particles, so that the procedure is not yet established as an absolute method of 
measurement. Routine checks on the quality of prepared powders may be made 
very conveniently without the need for sampling and wei^ng. 

CENTRIFUGAL SEDIMENTATION 

The time required for gravitational settlement of particles below 5 microns is 
excessive, and such particles are also subject to the effect of Brownian movement. 
Centrifugal separation greatly reduces the settlement time and enables particle 
measurements to be made down to 0*1 micron diameter. The centrifuge equip¬ 
ment designed by Donoghue and Bostock uses a suspension in water, and the 
machine marketed under the name of ‘Bahco" effects centrifugal separation in 
an air stream. These processes are necessary to extend the range of measure¬ 
ments to lower size limits than is possible by gravimetric methods. 

DIRECT DETERMINATION OF SPECIFIC SURFACE 

Since the object of fine grinding is normally to increase the specific surface 
(surface area per unit weight) of the material, a direct indication of this factor 
is often sufficient to assess the properties of a powdered material. The two 
methods that are in common use are calculation of the surface area by permea¬ 
bility methods, i.e. the ease with which a fluid will flow through a packed bed 
of the particles, and the molecular adsorption method in which the surface is 
calculated from the volume of gas adsorb^ on the particle surfaces. This latter 
method of measurement also includes the surface area of internal fissures which 
are accessible to the ^s molecules but are not effective as regards fluid flow 
round the external surface of the particle, as in the permeability method. Conse¬ 
quently the two methods of measurement may give different specific surface 
values for the same material, according to the proportion of internal surface. 

Permeability measurements are usually made with gas or air flow, but liquid 
flow may be used for coarse particles. The pressure drop through a bed of known 
dimensions and known porosity is related to the volumetric fluid flow by an 
equation which includes the specific surface, and this latter can therefore be 
calculated if all the other factors are measured. The method is used for testing 
Portland cement (see B.S. 12:1947) and a self-contained form of equipment has 
been designed by Rigden. 

EQUIVALENT PARTICLE DIAMETERS 

The size of an irregularly shaped particle may be defined in terms of the 
diameter of a circle or sphere which has some equivalent property^ Thus in the 
microscopical method of m^urement the size of the particle is expressed in 
terms of the diameter of a circle which has the same projected area as observed 
under the microscope. Equivalent spheres are those having the same volume 
as the particle, or the same terminal velocity in a fluid, i.e. Stokes’s diameter. 
The dimensions of a sieve aperture through which a particle will just pass is also 
an equivalent diameter. 
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These equivalent diameters will not be the same, as they are based on different 
properties of the particle, and the divergence will be greater with increasing 
irregularity of particle shape. In such a short summary as this it is not possible 
to give numerical relationships between these equivalents, but the following 
typical figures apply to minerals having a shape similar to that of crushed quartz 
particle: 

Ratio of projected diameter as measured by the microscope to 


corresponding sieve aperture ..1-4 

Ratio of Stokes’s diameter to corresponding sieve aperture. .0-9 

Ratio of proj^ed diameter to Stokes’s diameter. . . .1-6 


SUMMARY 

A brief account has been given of the methods available for measuring particle 
size. The procedure for coarse particles is to use sieves, and the weaving toler- 
aiK»s and methods of analysis have been specified by British Standards. Sub¬ 
sieve particles are usually measured microscopically or by sedimentation 
method, and both these procedures are the subject of British Standards that 
are in preparation. Future research will be applied mainly to reducing the lower 
limits of size measurement and to mechanizing the procedures. As regards the 
former, the electron microscope and centrifugal methods of sedimentation are 
of great significance. As regards the latter, automatic particle counters are 
approaching a stage when machines will be available commercially. Standardiza¬ 
tion of those methods which have withstood the test of time and experience will 
be of great benefit to industry, but there is ample scope for ingenuity in applying 
new scientific discoveries to the field of particle-size analysis. 



Industrial Grinding 

J, C. Fakrant, M.I.Chem.E., M.A.I.M.E. 
{Late of International Combustion Products^ Ltd) 


The amount of energy required to reduce a material to a given particle spe 
depends on a number of factors, the most important of which is the relative 
hardness of the material. For convenience, the hardness of a rock or mineral 
may be referred to the well-known Mohs scale which employs ten steps of 
hardness ranging from talc to diamond. The hardness criterion cannot always 
be applied rigidly, for instance, if the material is foliated or flaky as with graphite 
or some types of talc, and cannot be applied at all for such materials as rubier, 
natural gums and other materials which distort easily. For such materials 
temperature change may have a very marked ejflect on grindability, as it also 
will on the possibility of grinding hygroscopic or deliquescent materials. 

Laboratory criteria for judging the performance of machines and processes 
have already been described, but uncertainty still exists as to the validity of their 
application. So many variables exist in size reduction processes, particularly the 
varying structure and lack of homogeneity of minerals, that the rdtimate criteria 
of performance, it is often contended, can only be obtained by reliable field trials 
or full-scale tests on large representative samples. The relative power consump¬ 
tion when crushing to and grinding from various sizes is shown in Fig. 1 where 
for the material represented the optimum size for transfer from the crushing 
to the grinding operation is shown to be in. 

For the great bulk of diversified rocks and minerals, grinding is carried out 
in which can be classified for convenience into four groups: 

Group 1 Slow-speed Mills 
Ball and pebble mills 
Rod mills 
Tube mills 
Cascade-type mills 

Mills of this group are universally used for grinding abrasive materials, the 
grinding media where used being simple in shape, comparatively cheap and easy 
to replace while the Tnill is in motion. These m il l s are thus capable of l^ing run 
continuously for months together, a feature of p^e importence in many 
industries. Reduction is effected by impact and attrition, and is done by the wet 
and dry processes in these mills. 

Group 2 Medium-speed Mills 

This group includes various types of roller miU in which a number of rollers 
bear on the vertical face of a bull ring or on to a horizontal revolvmg plate. 
The ball and ring mill could well be included in this category. Mills of this group 
are normally used for grinding materials whose hardness does not exccM 4 
in the Mohs scale; they cover the r«iuction of various minerals and chemicals 

* Figs. 1, 2, 6. 7, 8 and 9 iq^wodnced by pennisnon of the baemational Combustion 
Products, Ltd, 
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mostly in the medium and fine grinding range. Less floor space is required than 
with the milk of Group I, when grinding to a definite residue on a given mesh, 
e.g. 1 per cent on a 300-mesh sieve. Ihese mills are constructed for dry grinding 
only, generally with air classification and return of oversize. 



SIZE OF MATERIAL 


PRODUCT FROM CRUSHER AND 
FEED TO MILL 

Fkj. 1. Curves shoviing effect on power consumption when crmhing to and 
grinding from various sizes 


Ground High-speed Milk 

This group consists of impart mills of the h amme r, pinned disc and other 
types rtf disintegrator. These mills are relatively inexpensive and are normally 
used for coarse and intermediate grinding of non-abrasive materials. They are 
very suitable for disintegrating damp or sticky materials and for drying during 
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grinding, especially in "view of the rapid passage of material through the mill. 
The amount of floor space for these mill s is generally small, capital cost is low, 
but the wear characteristics for any but soft materials is high. Fig. 2 illustrates 
the maintenance characteristics of the foregoing three types of mill. 



PERIODS OF TIME 

Fig. 2. Curves showing relative life of grin^g parts in different types of 
milk and effect on output 


Group 4 Fluid Energy Milk 

This group covers the various designs of mill in which reduction is effected 
by bombardment of the particles against each other or against a fixed or moving 
plate in a stream of compressed air or superheated steam. For use with materials 
of hardness not exceeding 4, they are capable of giving a superfine product some 
of which is as small as 1 mioon. The forerunner of this type of unit was intro¬ 
duced about thirty years ago. These mills now have many useful applications, 
particularly where the product value is high. 

DRY GRINDING 

All types of mill in Group 1, provided with appropriate feeding, discharge or 
air classifying mechanisms, can be used for dry grinding. The mil ls of Groups 2, 
3 and 4 are designed for dry grinding only. 

Ball and Pebble Milk 

As already stated, ball and pebble mills, in series with suitable classifiers, are 
used for the reduction of abrasive materials in industry. A brief list covering the 
range is as follows: 

Anthracite Calcined Flint Silica 

Carborundum Feldspar Slate 

Coke Iron Borings Zircon Sand 

ChftmifiaT Products Nidcel Matte Limestone 

Chrome Pyrites (siliceous) 
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The finished products range from less than 10 mesh to 0-5 per cent residue on 
a 300-mesh sieve. 

In dry grinding, bail and pebble mills are normally used in closed circuit 
except for materials such as cement clinker, where the production of the requisite 
range of particle sizes in the ground product justifies the open-circuit method. 
There are many installations of closed-circuit grinding of cement clinker, but the 
product is rarely used for rapid-hardening cement. With open-circuit grinding, 
there is certainly less oversize but there is also less of the valuable size below 
5 microns. Hence the suitability of compound tube mills for this purpose. 

On the other hand, a product ground to 0-5 per cent retained on a 170 mesh 
in open circuit, as in the cement industry, would be quite unsuitable for many 
other industrial purposes where specifications may require a product to be less 
than 0-1 per cent on a 300-mesh sieve. Here the power consumption over the 
timff necessary to accomplish this fineness in open circuit would be unacceptable 
and uneconomical, even though the fan power for the air current in closed 
circuit is normally as high as 30-40 per cent of the power taken by the mill itself. 

Additional advantages to be derived from air sweeping are the removal of 
fines from the incoming feed, or as in the British ‘Rema’ mill, the drying of the 
feed before entry to the mill. 

The following table presents typical performance data for some minerals 
ground in ball and pebble mills. 


TABLE II 

Hardinge Ball and Pebble Mills 
Dry Grinding—Air Swept 


Mineral 

Feed Size 

Moisture 

Content 

Product 

Approx. 
kWh 
per ton 


Antiiracite 

1 i in. down 

5% 

90-5% -200 mesh 

43-8 

Hot air 

An^bradte 

iin. 

5% 

70% -200 mesh 

20 

Hot air 

CarbonuKlitm 

1 in. 

dry 

93% -100 mesh 

48 1 

Cold air 

Cdce 

1 in. 

3-2% 

89% -120 mesh 

20-5 

Cold air 

Siliimaiiite 

20 mesh 

1% 

99-99% -200 mesh 

125 

Cold air 

sand 

—dOmesh 

1 1%-200 

dry 

99% -300 mesh 

120 

Cold air 

Frit 

i in. down 

dry 

Ail —40 mesh 

60 

Pebble mill 

Frit 

i in. down 

dry 

All —60 me^ 

45 

Porcelain balls 


RodMiBs 

Rod mills are used for the preparation of sand lime bricks, grinding from 
1 in. to 10 mesh in one stage. The tendency to form a granular product in the 
rod mill has advantages over the ball mil l in that coke, for instance, with a 
moisture content of approximately 10 per cent can be effectively dealt with in 
finding &om 1 in. to 10 mesh. The rod mill is normally run at a lower speed 
than a ball mill of the same diameter. It has a limi ted application in industry, 
but within its sphere it is more effective than a ball mill. 
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Table III illustrates the performance of rod mills when grinding coke and 
sodium sulphate crystals. 


TABLE III 

Rod Mills—Dry Grinding 


Ref. 

HA. 

! 

Size of Mill j Material 

1 

Size of Feed \ 

'_t 

Approx. Approx. 

Output j kWh 

per h j per ton 

SftxlOft 

Coke breeze 

i in. 

3%+8mesh 

5 tons 1 12 

Sas. 

3ftx8ft 

Sodium 

sulphate 

crystals 

i in.+-^m. 

-A in. 

3 tons 1 5*5 

StJ. 

j 

SftxlOft 

Coke, 12% 
H 2 O 

— li in. 

45% +10 
30% -20 
mesh 

9 tons 

7*5 

Al. 

5ftxl2ft 

Coke 

— 1 in. 

2-7%-f4 

69% -14 mesh 

10% +28 

mesh 

0-5 terns 

16*5 

AixuS. 

SftxlOft 

Coke 

37-2% +iin. 
45% +8 mesh 
10-12% H 2 O 

3%+iin. 
67% +30 
mesh 

1 

5-5 tons 

9 


Cascade-type Mills . . „ 

This type of mill is typified by the early Hadsel Mill (Fig. 3), designed ongmally 
for wet crushing and grinding ores, but later abandoned in favour of ball and 
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tobe mills. The diameter is two to three times the cylindrical length and no grind¬ 
ing media were present. The Ixunps were lifted inside the mill and were shattered 
by falling on to breaker plates, the fines being removed by water. This form of 
reduction is cffident under certain conditions, but has not shown sufficient 
savings for general application. Opinions differ as to the reasons for this, but 
certain explanations can be suggested. Minerals drawn from underground, and 
quarried rdek, vary in size and in distribution of sizes. One particular grading 
may be suitable, whereas another may not. A high proportion of fines would not 
constitute a good feed as these would not fracture readily by their own falling 
weight, and fines present on the breaker plates would have a cushioning effect 
on the impact of larger lumps. Further, hard and tough coarse feed, in breaking 
down, may form a large proportion of particles of an intermediate (critical) size 
not large enough to shatter on impact. The cascade method of grinding, however, 
is currently employed in dry grinding with air sweeping, for example, in the 
roluction of asbestos rock, etc. 

Interest in gravity impact mills, however, has revived in recent years. They 
are at present represented by two types of rnill: 

1. The ‘Cascade’’ Mill. This is described with illustrations, together with a 
history of the cascade-type mill by Hardmge in Eng. Min. J., 1955, 155 (Q. 



Fig. 4 illustrates the mill and its method of operation. 
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2. The 'Aerofoil' Mill, described by Fleck and Durocher in Min. Congr. 
1955. Fig. 5 illustrates the 17-ft model, and Tables IV and V afford a comparison 



Reproduced by permission of Aerofall Mills Ltd, 

Fig. 5, Aerofall Mill and recovery system 


between the performances of the Aerofall mill and a rod mill in the crushing of 
iron ore. 


TABLE IV 
Screen Analysis 


Mesh 

RodMill i 
Product 1 
Cum. % Wt. 1 
ov^size 

Aerofall 
Product 
Cum. % Wt. 
ovi^ze 

10 

0-2 

3'7 

14 

1-0 

70 

20 

iO-2 

i 22-2 

28 

22*6 

35*9 

35 

37-2 

49-4 

48 

51-4 

! 62-2 

65 

63-5 

1 72-0 

100 

73-5 ; 

79-4 

150 

80*6 i 

1 85-5 

200 

85-5 1 

! 

89-4 
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TABLE V 



RodMiU 

Product 

%Fe 

Aerofall 

Product 

%Fe 

Head 

24*40 

24*30 

Cone 

60*65 

t 60*60 

Tail 

8*80 

7*20 

Recovery 

74*78 

79*86 

Ratio of cone 

3*32 

3*12 


Both mills are intended for continuous dry grinding and oversize return. The 
addition of a few tons of balls may be necessary to ensure the reduction of the 
‘critical’ size which escapes shattering. It will be seen that the Cascade null has 
conical side sections, and that the Aerofall mill is provided with baffles on the 
end plates and lifters on the cylindrical. Performance data on these milk are 
as yet somewhat scanty and no indication is given of the cost of maintenance of 
the air classifying system when grinding abrasive materials. 



FIg. 6. Belative power figures for fine gracing various materials 
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Group 2 Roller Mills 

The roller mills of Group 2 all combine air separation with the grinding of 
the softer minerals of hardness not higher than 4. The separator is normally of 
the revolving blade type with return of oversize. The mode of grinding differs 
considerably among the types of mill, with corresponding effects on the products. 

The Raymond mill is the oldest type of multiple-roller mill in present-day use. 
An adaptation of the single-roller Huntington mill, it consists of a spider of 
2, 3, 4 or 5 pendulums supported and driven from a vertical central shaft. The 
rollers mounted at the ends of the pendulums, each preceded by a plough, bear 
with horizontal thrust on a bull ring as the spider revolves. This mill is not the 
most suitable for coarse grinding, but very fine grinding is accomplished since 
the layer of particles on the vertical inner face of the bull ring does not build up 
to a thick bed. It is suitable for the grinding of materials such as ochres and 
paint extenders to a fineness of 99*9 per cent passing a 300-mesh sieve. A similar 
type of mill is the Bradley-Poitte mill, which is designed to be driven from above 
instead of from below. 

Fig. 6 illustrates the increasing power requirements for progressively increased 
fineness of grind for various minerals ground in a Raymond mill. (The ilmenite 
was ground in a ball mill.) 

Table VI gives performance data for the grinding of some varied types of 
mineral in the Raymond mill. Tables VII and VIII give performance data for 
the same mill when grinding pigments to very fine sizes. 


TABLE VI 

Raymond Mill [Air Swept Roller Mill) 
Dry Grinding 


Mineral 

Fe«i Size 

Moisture 

Content 

Product 

Approx. 
kWh 
per ton 

Fuller’s Earth 

i in. down : 

_ 

99-8% -200 mesh 

40 

Titanium oxide 

iin. 

diy 

99-9% -300mesh! 

100 

Barytes 

i in, down 

0-5% 

99%-300 mesh 1 

50 

Sulphur 

iin. 

05% 

99% -300 mesh 

58 

Chalk 

: 1 in. down 

0-2% 

95% -150 mesh 

25 

Chalk 

1 in. down 

0-2% 

95% -300medi 

45 

Talc 

iin. 

0-5% 

99% -300mesh 

65 


TABLE VII 


Data on Raymond Mill Grinding Five Different Grades of Oxides 
to Approximately 99*8% —240 Mesh BSS. 


Material 

Yellow Ochre 

Red Ochre 

Oxide B j 

Oxide A 

PCTsaan Gulf 

Fineness (BSS.) 
Capacity Ib/h 

Nett power, b.h.p. 
Feed size, in. 

Moisture (total) 
Separator vane setting 
Water-gauge, in. 

Mill speed, rev/min 
Exhauster, rev/min 

99-80% -240 
925 

23-8 

in. to dust 
1-70% 

^ way open 
4f in. 

294 

1800 

99-80% -240 
2000 

23-8 

14 in, to dust 
3-45% 

4 way open 

44 in. 

294 

1800 

99-8% -240 
570 i 

29-0 

1 in. to dust 
0-75% 

4 way open 

4i in, 

294 

2000 

99-8% -240 
960 ! 

24-2 

1 in. to dust 1 
0-04% i 

4 way open i 
44 in. ’ 

294 

2000 

99-75% -240 
670 

26-7 

1 in. to dust 
1-70% 

4 way op«i 

54 in. 

294 

2000 
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TABLE VIII 

Data on Raymond Mill Grinding Five Different Grades of Oxides 
to 99-98% -240 Mesh BSS. 


Material 

Yellow Ochre 

Red Ochre 

Oxide B 

Oxide A 

Persian Gulf 


99-98% -240 

625 

18*5 

210 

14 in. to dust 
1*70% 

A way open 
in. 

294 

1800 


99-96% -240 

385 

23-5 

26*7 

1 in. to dust 
0*75% 

A way open 
in. 

294 

2000 

99*98% -240 

450 

20 

23*8 

1 in. to dust 
0*04% 

A way open 
Si-in. 

294 

2000 

■ 

99*96% -240 
99*89% -300 
400 

20 

23*8 

1 in. to dust 
1*70% 

A way open 
4iin. 

294 

2000 


Kemarics applying to 
Tables vffandVm 

Very sticky 

Non-sticky 
Easy to grind 

Very hard 

Moderately 

hard 

Normal 

hardness 


A second type of roller mill is the Lopulco mill (Loesche Mill), in which the 
grinding is done between heavy inclined conical rolls and a rotating table, the 
rolls moving freely on their spindles, and being prevented by adjustable stops 
from touching the table in order to prevent metal-to-metal contact and wear. 
The roller therefore grinds on a bed of material, but uneven distribution of the 
bed is automatically compensated by spring gear. The size of the product from 
this mill will not be as fine as that from the Raymond-type mill, but the range is 
wide, being from 10 mesh to 99 per cent passing a 300-mesh sieve for materials 
of hardness less t ha n 4. 

Table IX gives performance data for four minerals and broken gramophone 
records when ^ound in this mill. 


TABLE IX 


Lopulco Mill {Air Swept Roller Mill) 
Dry Grinding 


Mineral 

Feed 

Size 

Moisture 

Content 

Product 

per ton 

Limesbm 

1 in. 

■ 

85% -200 mesh 

17 

GiamophcHie records 

iin. 

dry 

98% -200 mesh 

62 

i%06pimte rock 

i in. 

2% 

75% -100 mesh 

10*5 

Gyp^nn 

iin- 

1% 

90% -lOOmedr 

15 

Coal 

iin. 

8% 

75% -200 mesh 

16 


A third type of mill whose grinding action may be regarded as simila r to that 
of tire Lopuko mill is the ball and ring mill, known as the E. Mill. This mill 
consists e^ntially of two horizontal, chaimelled grinding rings between which 
is maintaiired a set of steel balls. The lower ring is driven through gears from the 
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central shaft. The feed drops onto the upper ring and finds its way between the 
balls, where it is ground and removed by air sweeping with return of oversize. 
The E. Mill is used chiefly for grinding coal for pulverized fuel firing. The 
Lopuleo mill is used for a similar purpose, and also for limestone, gypsum, 
barytes, phosphate rock etc., while the Raymond mill is suitable in addition 
where extreme fineness is required- The power for driving the air current 
through these mills is generally equal to or slightly greater than the power taken 
by the mill alone, owing to the resistance to be overcome in the channelling 
inside the mill. The fan power may be 115 h.p. as compared with 100 h.p. for 
the mill alone. 


WET GRINDING 

The mills in Group 1, with the exception of pan mills which under present 
conditions are largely superseded, are pre-eminent in this field. The ball-mill 
types are more widely used than any other form of grinding mill, since the same 
design of mill, with the exception of feeder, is used for w^et and dry grinding. 

Ore Reduction 

The ball mill eliminated, with few exceptions. Stamp and Chille mills (edge 
runners) at the beginning of this century. As a point of historical interest 
the well-known Raymond roller mill is an adaptation, for dry grinding, of the 
original wet-grinding Huntington mill which was used for ore reduction at the 
end of the last century. The maintenance of the Huntington mill when grinding 
abrasive minerals was extremely high, but it was most satisfactory as an amalga¬ 
mator when grinding gold ores. 

Under modern conditions, if intermediate fine grinding is required, ball mills 
are rarely used without a classifier for controlling the finished product. The pro¬ 
portion recycled may be four or five times the output of the mill. The power used 
for returning the oversize to the feed end of the mill is approximately 10 per 
cent of the power used, this being much lower than the fan power already 
referred to in dry grinding. 

Tube Mills 

The tube mill is the oldest form of mill in which tumbling media are used to 
effect reduction. The length is several times the diameter and the interior is often 
divided into compartments for successive reduction with successively smaller 
ball or pebble media. The grinding to final size is usually accomplished in one 
pass through the mill, i.e. in open circuit. The tube mill has now largely given 
way to the ball mill of larger diameter because the latter is more efficient. 

Tliere are four main proprietary types of ball mill used for ore reduction and 
abrasive grinding generally; 

1. The ‘A. C.* Mill, the cylindrical mill with trunnion discharge. 

2. The Hardinge Conical Mill, with natural segregation of ball sizes. 

3. The Hardinge ‘Tricone’ Mill, with natural segregation of ball sizes. It 
also has the greatest volume per unit of diameter. 

4. The ‘Marcy’ Mill, the cylindrical mill with grate discharge and lifters. 

It is instructive to note that an internal classification has been accomplished 
with the ‘Tricone’ Mill (Fig, 7), by the use of a lower ball charge, about 65 per 
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cent normal, and a lower mill speed. A resulting pool of quiescent liquid per¬ 
mitted the separation of the higher specific gravity values, copper sulphide, from 
the siliceous gangue (Lewis (1954) and Fahrenwald (1954)). 



Fig. 7. Hardinge Tricone Mill showing ball classifications, large balls in the 
cylindrical section, smaller balls toward the disc^ge end 

Some data on the grinding of some metallurgical ores are presented in graphic 
form. Fig. 8 shows the approximate power requirements for wet grinding in ball 
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Fig. 8. approximate power required for wet grinding in 

ball mills from f-in.feed to 90% below mesh size slated 
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mills from ^-in. feed to 90 per cent below the mesh size stated. Fig. 9 shows the 
particle-size distribution of various types of ore when wet ground in ball mills. 
Performance data are presented in Tables X, XI and XII for the wet reduction 



Fig. 9. Particle-size distribution curves of various types of metallurgical 
ores wet ground in ball mills 


TABLE X 


Gold Ore^ Wet Grinding 
Closed Circuit 


Mine 

Ref. 

Mill ; 

i 

Mm 

Size 

Feed 

Size 

Product 

1 Approx. 

kWh per ton 

883 

Harding 

8 ft X 60 in. 

i 1 

i'm. 

84% -aWnaesh 

19 

E.S. 

Hardinge 

5 ft X 36 in. 

iin. 

97% -lOOmesh 

20 

B.P. 

Hardinge 

8 ft X 72 in. 

I in. 

82% -aWmesh! 

20 

699 

Hardinge 

7 ft X 48 in. I 

7% +im. 

76% -200med»| 

24 hard ore 

681 

B^dinge 

8ftx36in. 

iin. 

85% -200mesh; 

13 soft ore 

701 

Marcy 

7flx 6ft 

1 in. 1 

82% -200 me^ 

21 

629 

Marcy rod 

SftxlOftl 1 


I 



mm 

1 

li in. 

94% -200naesh 

18 

629 

Marcy tube 

5ftxl6ftf 


j 

Quartzitic schist 


mm 

J 




— 

Marcy 

9ftx7ft 1 

i in. 

80% -200 mesh 

16-5 

884 

Cylindrical 

eftxioft 

iin. 

68% -200mesh 

22 

674 

CS^Iindiicai 

9ftxl0ft 

iin. 

65% —200medi 

17 

721A 

Q^lindrical 

5ftx8ft 

iin.xliin. 

80% -200mesh! 

19-5 

753 

CS^iindrical 

iSftxlOft 

■^m.x2iin. 

28% -200mesh 

6 (primary grind) 

670 

Q^lindrical 

5 ftx 16 ft 

iin. 

84% -200 mrah 

21 
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in ball mills of gold ore, copper ore and lead-anc ore. The effect on powCT 
consumption of grinding to finer size or in grinding from different size feeds is 
clearly illustrated. 

TABLE XI 


Copper Ore, Wet Grinding 
Closed Circuit with Classifiers 


Ref. 

1 

MiU 1 

Mill 

Size 

f 

Feed 

Si:^ 

Product 

Approx. 
kWh per ton 

MA Hardings 1 

571 Hardinge 

633 Hardinge 

583 1 Hardinge 

531 Cyi Hardinge 

10 ftx72 in. 

8 ft X 60 in. \ 
8 ftx72 in. j 

10ftx66in. 

10 ftx66in. 

8 ftx30in. 

iin. 

I in. 

{ 

iin. 

4 mesh 

52% -200 mesh 
40% —200 mesh 

85% -200 mesh 
69% -200 mesh 
90% -200 mesh 
53% -200 mesh 

9*1 

8*2 

14 

8 

11*75 

3*50 

551 

Marcy i 

8ftx6ft 

—2 in. 

56% —200 mesh 

7*94 

681 

Marcy 

7ftx5ft 

Ain. 

—35 mesh 

6*63 

C 

Marty 

8ftx6ft : 

|in. 

58% -200 mesh 

8*2 

228 

Marty 

6ftx4ift ! 

2 in. 

50% -200 mesh 

10*0 

829 

Cylindrical 

7 fix 6 ft 

4 in. 

82% -200 mesh 

18 

520 

Cylindrical 

8 ftx 12 ft 

3 mesh 

74% -200 mesh 

10*3 

541 

Cylindrical 

7ftxl2ft 

1 in. 

80% —200 mesh 

11*2 

532 

Cylindrical 

7ftxl0ft 1 





j rod mil! 

; Cylindrical 

3-7ftx 10ft r 

li in. 

47% -200 mesh 

5*8 


1 ball mills 

i ^ 





TABLE XII 

Lead Zinc Ore, Wet Grinding 


Ref. 

Mill 

Mill 

Size 

Feed 

Size 

Product 

Approx. 
kWh per ton 

511 

Hardinge 

6 ftx 36 in. 

liin. 

65% 


10*3 

m 

Hardinge 

10ftx48 in. 

jin. 

61% 


8*3 

698 

Hardinge 

10 ftx 48 in. 

fin. 

35% 


4*5 

684 

Hardinge 

8 ftx 60 in. 

fin. 

91-5% 


12*75 

744 

Marcy 

6 ftx 5 ft 

iin. 

94% 

— 150 mesh 

9*25 

— 

Marty 

6ftx44ft 

iin. 

40% 

—150 mesh 

3*4 

563 i 

Cylindrical 

6ftx6ft 

iin. 

95% 

—200 mesh 

11*6 

CC/2 i 

cylindrical 

7ftx6ft 

iin. 

55% 

—200 mesh 

8*2 

902 1 

CS^lindrical 

10 ftx 8 ft 

-2 in. 

80% 

—200 mesh 

15 


Rod Milk 

While ball mills are used for closed-drcuit grinding, rod mills on the other 
hand are now almost exclusively used on open circuit, that is, one strai^t pass 
throu^ the mill, during which the necessary reduction is effected, with a 
tendency towards a j^nular product. Typical reductions are from li to in. 
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for harder minerals and from 2 to ^ in. for softer minerals. The action is by line 
contact, the rods at the feed end being naturally spaced wider apart than at the 
discharge end, thus ensuring a gradation of size along the mill and avoiding 
discharge of oversize, an important factor for preparing a fine feed for a subse¬ 
quent regrinding in a ball mill. When dry grinding in a rod mill it is possible 
to use a feed material with a higher moisture content than is possible in a ball 
mill for a corresponding size reduction. The rod mill is not suited for fine grind¬ 
ing owing to the small amount of contact surface as compared with the ball mill. 

Some twenty years ago many regrinding rod mills were installed for copper 
ores in the U.S.A., but after a few months’ experiment, the rods were taken out 
and balls substituted since insufiBcient grinding was done in the regrinding rod 
mill to release the desired values. Table XIII presents performance data for rod- 
mill grinding of five ores. 


TABLE XIII 

Rod Mills, Open Circuit 
Wet Grinding 


Ref. 

Mill Size 

Mineral 

! 

Feed Size 

Product 

t 

Approx. 
Output , 
per Hour, 
tons 1 

Af^ox. 
kWh 
per ton 

StJ. 

6ftxI2ft, 

Lead-zinc 

quartzitic 

— i in. 

— 14 mesh 

1 

18 i 

i 

5*2 

P.2 

4ftxl0ft 

Zinc 1 

quartzitic 

79% +iin. 

-iin. 1 

44% —20 mesh | 

16 1 

2*3 

P.D. 

6ftxl2ft 

Copper 

porphyry 

— 1J in. 

— 10 mesh 

25 1 

i 

4*5 

Qu. 

lliftxl2ft 

Lead-zinc 

ore 

21% +1 in. 

5-8% +4 mesh 
15% -200medi 

200-250 , 

3 


Industrial Minerals 

The extension of ball and pebble mill grinding has l^ii widely adopted for 
various rih^mifal and other industrial applications. Grinding calcined fimt for 
pottery sUp is an example of this appUcation, except that owdng to the extreme 
fineness of the finished product a hydrosizer type of classifier is used in preference 
to mechanical classifiers, since it is important to avoid any disturbance caused 
by eddying of the final overflow from the classifier. The ground product ranges 
in size from 57 to 65 per cent less than 10 microns. 

OPERATING CONDITIONS 

No attempt will be made to go into details of operation but certain conditions 
are essential for maximum grinding results; 

1. The.mineral, or substance to be ground, should hs free running under all 

2. Hie size of feed should be controlled, e.g. by passing the ermhed ^ 

over a screen of a predetermined size wMch constitutes the feed to the 
grinding unit; the oversize from the screen is returned to the crusher. 
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Many materials have to be ground in the state in which they are delivered and 
may contain a small percentage of free moisture. When grinding to a fine state 
of division, packing of the fine particles may take place due to the included 
moisture, thus reducing the output of the unit; the particles may in fact build 
up, under relatively high moisture content, to such an extent that grinding would 
cease and the unit would have to be cleaned. Pre-drying, or drying by hot gases 
passing through the mill, is the only solution in some cases. 

Size of Feed 

The harder and tougher the material to be ground, the finer it should be 
crushed prior to grinding, as the power expended in crushing from, say, 1 in. 
to i in. is less than the power absorbed in grinding from 1 in. to i in. See Fig. 1, 
page 34. 

Exceptions 

In roller types of mills (Group 2) when grinding materials with a hardness 
factor below 2, such as baiytes, talc, gypsum, etc., it is preferable to feed | in. 
size and less in order to create a buffer between the grinding track and the rolls 
rather than a small feed which might induce metal-to-metal contact between the 
moving rolls and the grinding track. 

There are more exceptions with regard to hi^-speed mills (Group 3), par¬ 
ticularly where the material is easily ground. With the hammer type, grinding 
is done by direct impact and, under such conditions, grinding from J in. to 

mesh would show a higher eflSciency than grinding from i in. feed to the 
same mosb. 



Crushing and Grinding in the Ceramic Industry 

A. E. Dodd, Ph.D., M.Sc., F.R.I.C., F.I.Ceram. and 
F. J. Goodson, B.Sc., M.LChem.E., F.I.Ceram. 

{British Ceramic Research Association) 


Before discussing the range of equipment used for size-reduction in the ceramic 
industry it would perhaps be as well to define the industry's scope. To the 
average Englishman, ‘ceramic’ means ‘pottery’ and nothing more, but to those 
engaged in, or associated with, the ceramic industry, its meaning is very much 
wider. Broadly speaking, anything made from clay and fired is a ceramic product; 
thus, in addition to tableware, the term includes wall and floor tiles, sanitary¬ 
ware, electrical porcelain, chemical stoneware, bricks and roofing tiles, salt- 
glazed sewer-pipes and electrical conduits, and all types of refractories. The raw 
materials requiring to be crushed to supply the ceramic industry therefore vary 
in character from very hard rocks such as quartzite to soft materials such as 
ball clay or talc. To deal with such a range of materials it is evident that a 
variety of machines will be necessary. 


JAW AND GYRATORY CRUSHERS 

The jaw-crusher is a common unit in the refractories industry, particularly 
at those works producing silica or basic Refractories. They are of two genera! 
types, one having a jaw hinged at the top, the other at the bottom; the former 
is the original (1858) Blake design, the latter is used for dealing with large lumps 
of hard quartzite, which it readily reduces to about 2 in.; chrome ore and dead- 
burned magnesite are generally softer than quartzite and may be crushed either 
in a jaw crusher or a cone crusher. 

The gyratory crusher was introduced not long after the jaw crusher; the 
crushing is effected by the to-and-fro motion of a cone gyrating about a vertical 
axis within a heavy steel casing. The gyratory crusher gives a product of similar 
grading to that given by the jaw crusher. It is used in some plants making basic 
refractories and may also find use in the crushing of silica rock, calcined flint 
pebbles, Cornish stone and feldspar. 


IMPACT MILLS 

The single-roll crusher or breaker operates partly by impact but also, and 
especially with clays, partly by a ‘smearing’ action. It is suitable for the reduction 
of materials having a hardness up to that of, say, limestone, especially if the feed 
consists of lumps with a soft weathered exterior and a hard core; this feature 
makes the single-roll crusher very useful in dealing with some of the hard shales 
sometimes used in making building bricks or fireclay refractories. 

The hammer-mill may be said to have developed from the single-roll crusher. 
Hammers, pivoted on pins attach^ to discs rotating on a central shaft, 
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repeatedly hit the lumps of material charged and the reduced fragments fall 
through a grating at the bottom. The hammers usually reduce lumps of clay or 
soft rock to powder in a single blow, and this type of mill has proved efficient 
with many hard clays: soft stones, such as limestone or limonite pebbles, are 
broken up with the clay. At one plant a single hammer-mill is processing 800 tons 
of clay per 8-hour day. It is reported that the product is more granular than 
that from smooth crushing rolls, but, with clays, little can be done to control 
the degree of size reduction; changing the shredding plate does not greatly help, 
and although a change in speed can be effective from this standpoint it will be 
at the expense of the rate of output. At present it is very difficult, with a hammer- 
mill, to obtain a given grain-size for a given material. 

An interesting use of the hammer-mill has been reported from a clayworks 
making salt-glazed pipes. The clay used contains pyrites nodules which give 
rise to unsightly slaggy spots on the surface of the fired pipes; these spots have 
been eliminated by passing the tailings from the dry-pan through the hammer- 
mill, the pyrites nodules in consequence being reduced to a powder, thus giving 
rise to a uniform colour rather than to dark spots. In this instance the complete 
reduction to fine powder is clearly an advantage and serves to show that 
grinding machinery can often be selected to meet a specific need. 

CRUSHING ROLLS AND PAN MILLS 

Crushing rolls find wide use in the structural clay-products industry. The rolls 
may be smooth, or they may be helically grooved to trap and remove stones, or 
they may be ‘kibbled’ or corrugated. In the older sets of smooth rolls, the pairs 
of rolls were geared together and run at about 15-25 rev/min; each of a pair of 
‘kibbled’ or corrugated rolls, however, is generally powered by its own motor. 
For tough or wet clays that do not break down by fracture, it is advantageous 
to induce a rubbing action by driving the rolls at different speeds, one roll 
rotating up to four times as fast as the other, although such a wide divergence 
is unusual. 

The reduction ratio of rolls is less than that of other crushing and grinding 
machine^, but they seem to produce a smaller proportion of ‘fines’ than most 
other units because the material passes through the grinding zone once only. 

There has been some tendency in the ceramic industry to use high-speed rolls; 
these are larger in diameter but smaller in width across the roll-face than the 
older typw of roll; the larger diameter helps to give the rolls a better grip on 
the material charged and so increases the reduction ratio, but even so it is 
generally found preferable to use two or more sets of rolls to reduce the clay 
to the required fineness rather than to attempt to reach this state in one operation. 

The pan mill, or edge-runner, is the oldest of all types of grinding machine, 
and is still probably the commonest grinding unit in the clay industry, and for 
tffis rea^n may be described more fully. Its popularity can be attributed to its 
simplicity and to its ability to cope with a wide variety of clays and moisture 
contents: pan mills can in fact be divided into two groups—dry-pans and wet- 
pans. In the dry-pan, the pan rotates while the position of the mullers remains 
stationary; the mullers themselves revolve on a solid grinding track by friction 
with the charged material, their weight being supplemented, in some designs, 
by additional hydraulic or pneumatic pressure. In any case the effective weight 
must be suffkient to crush the largest pieces. The remainder of the pan base. 
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outside the grinding track, is perforated and the ground material is thrown 
across the perforations towards the periphery by centrifugal force. The fines 
pass through the perforations and the oversize is returned to the grinding track 
by suitable scrapers which feed it under the mullers. Clearly, to achieve maximum 
output the area of the perforations must be sufficiently large to pass that fraction 
of the charge which has been ground fine enough: otherwise there will be an 
excess of fines in the product. The ground material is usually elevated to screens 
from which the tailings are returned for further grinding. 

The operation of dry-pans is thus continuous, and to obtain maximum output 
the feed also should be continuous; automatic feeders are therefore essential, 
particularly as passage through the grid depends on an optimum depth of feed 
in the pan.^ 

The size of the largest pieces that will pass under the runner depends upon the 
angle of nip, which diiSers for different materials, according to the following 
relationsliip 

d = D tan^ dj2 

where diameter of the largest piece that will pass under the rimner, D=dia¬ 
meter of runner, angle of nip. 

Generally the harder the material to be crushed the smaller the angle of nip. 
Thus, if the diameter of the runner is 60 in., and the angle of nip is 20% then 
the largest piece that will pass under the runner will be 1-86 in., but if a softer 
material having an angle of nip of 40® is to be ground, the largest piece that will 
pass under a 60-in. dia. runner will be about 8 in. 

The speed of the pan is important because, up to a certain limit, the output 
increases with the speed of rotation. The upper limit of speed is governed by the 
effectiveness of screening by the grid plates. If the speed is too high the ground 
material is flung by centrifugal force right across the grids to the rim and is 
then ploughed back across the grids to the runners at too high a speed to be 
properly screened. Thus pans with grids inclined towards the periphery of the 
pan can be run at a higher speed, because the inclination of the grids tends to 
slow down the material as it passes over them. Rim discharge pans, because 
they have no grids, can be run at a still higher speed. 

As the speed is increased the effective angle of nip is reduced. This can be 
seen in a pan which is fed with large pieces. During normal running some of 
the large pieces may not pass under the runners, but if the pan is stopped it 
will be seen that as the pan slows down some of these large pieces will pass under 
the runners and be crushed. Whilst, therefore, a slow-speed pan will deal with 
a larger feed size than a higher-speed pan, the output will be less for a normal 
size of feed because the material is not passed under the runners so frequently. 
Hence the necessity, when the feed is of large size, to pass it first through a 
primary crusher. 

Wet-pans may be either solid or perforated, but the former is normally used 
only for batch process tempering, the mullers being supported at a small distance 
above the pan bottom. 

The perforated wet-pan is widely used in brickworks for the continuous 
grinding of clays that come from the pit or marl-hole in the moist plastic con¬ 
dition. The pan bottom is usually built up of perforated and solid sectors, the 
latter (known as ‘dead-plates’), which take the weight of the mullers as they 
pass over so that it is on these plates that the actual grinding occurs; however. 
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it is probable that such size reduction as takes place in the perforated-bottom 
wet-pan is more a result of plastic deformation of the moist clay than of crushing 
in the normal sense; clay is, of course, an inherently fine material and a major 
object is to break down the agglomerates and get the water uniformly distributed 
as thin films around the clay particles. The general trend in pan-mill design has 
been to use heavier rollers and to operate at somewhat higher speeds. 

Mention should be made, w hile discussing pan mills, of the type of mill used 
by the pottery industry for over two centuries; this is the pan mill that is paved 
with siliceous blocks over which other larger chert blocks, the ‘runnem’, each 
weighing several hundredweights, are rotated by paddle arms. These mills were 
originally driven by water wheels and several are still powered in this way. The 
principal use of this type of mill at the present day is for the grindin^of calcined 
bone for use in making bone china; this method of grinding is thought to give 
additional plasticity to the body. 

BALL MILLS 

How'ever, the basic unit for fine grinding in the ceramic industry is the ball 
mill. In the manufacture of pottery, this type of mill is used for the grinding of 
flint and Cornish stone (the flux principally used), and for the grinding of glazes 
and colours; although if required in small quantities, colours are sometimes 
ground in mullers rotating about a vertical axis. 

As would be expected, there was much difference of opinion, when the ball 
mill was introduced to the industry, on its merits relative to the old pan mills; 
it was claimed by some that the latter gave a more angular product which 
resulted in a stronger body, but careful examination of pan-ground and cylinder- 
ground flint has failed to reveal any difference in the general shape of the 
fi^rticles. 

The grinding of potters’ materials in a ball mill is generally a wet process, 
grinding pebbles and the crushed flint, bone or Coniish stone being charged 
together with sufficient water to give a pint-wei^t of the order of 32-34 02 . 
Some wet-process mills are continuous and operate in conjunction with classifiers 
and thickeners. For dry-process continuous grinding, air-swept ball mills have 
been introduced into the industry. In a modem mill in the Stoke-on-Trent area, 
four cylinders each 7 ft in diameter grind flint and two cylinders of the same 
size grind Cornish stone; for the grinding of glaze, four smaller (5 ft dia.) mills 
are used. Each of the larger mills produces 30 cwt of ground material in 9-12 
hours. 

A certain amount of fine grinding is necessary in the refractories industry, 
particularly in the production of an adequate amount of fine bonding material 
in the manufacture of silica bricks. For this purpose a high output—perhaps as 
much as 2 tons/hour—^may be required, and a two-compartment mill over 
20 ft long may be necessary. Whereas in the grinding of pottery materials it is 
essential to use flint pebbles (or occasionally porcelain or high-ceramic balls) 
as grinding media, steel balls can generally be used in the grinding of refractory 
raw materiak, the iron contamination being less important. 

OTHER TYPES OF MILL 

So-calkd colloid mills have found some use in the ceramic industry. These 
mills are of various types but in general consist of high-speed rotors moving 
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between stators set to give a clearance of about one-thousandth of an inch. 
They are usefiil for breaking up agglomerates in pre-ground material, the action 
of the mill being one of dispersion rather than of actual grinding; tests with 
clays have shown that while floes are broken down, the ultimate particle size 
of the very fine fractions is not greatly altered. Colloid mills find some use in the 
preparation of ceramic colours. 

In fluid-energy mills the pre-ground material is caught up in air or steam jets 
having a peripheral speed up to 700 m.p.h., the particles being dashed against 
each other and shattered. It is stated that a fluid-energy mill—exemplified by the 
‘Micronizer’—can deal with clays containing as much as 25 per cent moisture. 
Practically all industrial mills of this type operate with a primary collector 
efficiency of 85 per cent or even higher when the product has a fineness of less 
than 2 microns. A particular use for the fluid-energy mill has been found in the 
preparation of very finely powdered talc. Attrition mill s have recently been 
introduced to the ceramic industry; these high-speed rotary mills are swept with 
hot dry air, and are thus able to break down, dry and classify powdered materials 
in a single operation. Some clays are now being treated in this manner. 

CONCLUSION 

This outline of crushing and grinding in the ceramic industry, though brief, 
will perhaps serve to show how varied are the industry’s problems in the field 
of size reduction. The raw materials vary from the hardest rocks, received at the 
works in pieces weighing up to a hundredweight, to soft clays; they may be wet 
or dry and the ground product that is required may vary from J in. to 1 micron. 
To handle such a variety of materials and to produce so wide a range of particle 
sizes, the ceramic industry makes use of most of the available types of crushing 
and grinding units. 



Grinding in the Cement Industry 

P. Davis, B.Sc., A.M.Inst.F. 
(Associated Portland Cement Manufacturers Ltd) 


The manufacture of Portland cement in this country is chiefly by the ‘wet’ 
process in which a slurry of finely divided chalk or limestone and clay or shale 
is fed into a rotary kiln where it is successively dried, calcined and burnt to a 
cement clinker. After cooling, the clinker is ground with the addition of about 
5 per cent of gypsum in a compartment tube mill to produce ordinary Portland 
cement. 

Abroad, dry or semi-dry processes are employed in which the raw materials 
are dried, pulverized and fed to the kiln as a powder or as nodules formed by 
granulation with a small percentage of water (10-12 per cent). These processes, 
by reducing the amount of water to be driven olF, require less fuel but may some¬ 
times involve more grinding energy in the preparation of the raw materials than 
does the wet process. 

For the purposes of the present summary, it is convenient to divide the manu¬ 
facturing process into three major operations in each of which grinding opera¬ 
tions play a veiy important part, though the type of grinding differs in each and 
some of the problems are peculiar to the cement industry. 

The operations are: 

(i) Raw material preparation. 

(ii) Firing the rotary kiln, with the attendant problems of pulverized fuel 
preparation and use. 

(iii) Clinker grinding to form the finished product. 

RAW MATERIAL PREPARATION 

The problem with raw material preparation is to obtain a mix of suitable 
chemical nature and particle-size grading for satisfactory combination of the 
various constituents to give a good sound cement. The basic raw materials are 
obtained from calcareous and argillaceous deposits, and though wide variations 
occur in hardness, which govern the systems of crushing and grinding employed, 
the problems of chemical nature and particle size are the same for all. 

Experience has shown that difficulties in burning are caused by coarse (i.e, 
retained on 52 and 100 mesh) material and these fractions have to be reduced 
as far as is economically possible. On the other hand, grinding excessively fine 
produces no advantage in combination and a distinct disadvantage in high 
energy consumption. The optimum particle-size grading of raw materials 
therefore covers a relatively narrow range of sizes, say from 100-mesh B.S. sieve 
to 300-mesh B.S. sieve, depending on the chemical composition. Such a grading 
can be obtained by closed-circuit grinding. 

(a) Wet Process 

in Britain the majority of the industry is centred around the Thames and 
Medway areas where supplies of soft chalk and clay are readily available As 
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dug, both contain a considerable proportion of water (approximately 20 per 
cent) and the most economical and convenient way of reducing them to a fine 
state is by ‘washing’. This is done in a washmill, which is a circular brick-lined 
pit about 30 ft dia. by 12 ft deep. In the centre is a concrete pier supporting a 
vertical shaft carrying two pairs of horizontal girders set at right angles. Sus¬ 
pended from and slung between each pair is a harrow fitted with heavy vertical 
steel tines. There are four such harrows linked by trailing chains to prevent them 
swinging outwards when the mill rotates, the drive being through a crown wheel 
and pinion supported on the central pier. 

Proportioned quantities of lump chalk and clay are tipped into the mill with 
a steady application of a stream of water. The feed is broken down by the tines 
and when suflSciently small passes out through a grating set around approxi¬ 
mately half the circumference of the mill. The occurrence of hard flints presents 
a considerable nuisance in chalk grinding but with a washmill the majority of the 
flints settle out without the expenditure of energy in grinding and must be 
periodically removed. Several such washmills are normally used in series, flitted 
with successively finer sieve meshes ranging from li in. x i in. slots in the first or 
^roughing’ mill to i mm mesh in the ‘finishing’ mill. The coarser-mesh gratings 
are protected from the impact of flints by screens or iron bars. The average 
energy consumption of a washmill system is about 4 kWh/ton of dry material. 

An alternative sometimes used in place of the finishing mill is the ‘Trix’ mill, 
which is about 18 in. in diameter and consists of a high-speed rotaiy cone 
fitted with baflaes and surrounded by peripheral screens. The ‘Trix’ mills remove 
oversize material to the washmills, acting more in the capacity of classifiers 
than mills. Other finishing plant includes hydraulic cyclones which act purely 
as classifiers and tube mills which may be used to grind ‘nibs’ or small flints 
rejected by the other plant. 

The choice of the plant circuit depends on the nature of the raw materials 
and many different combinations are in use. 

With harder materials such as limestone, the lump rock as quarried is first 
crushed and fimally ground in a wet tube mill. Primary crushing is mainly done 
by large, 1(X)-2(X) h.p., jaw and gyratory crushers which take the quarried 
material as large as 2-3 ft cube and deliver at about 6 in. and below. Se^ndary 
crushing follows by cone crushers or hammer mills which supply a feed of about 
1 in. maximum size to the wet tube mills. On hard crystalline limestones this 
system works successfully but on the softer sticky stones and marls, particularly 
in wet weather, it has been found necessary to use hammer crushers such as the 
*Miag’ type. With hammer mills it is advisable to avoid stones containing more 
than about 5 per cent of free quartz; otherwise excessive wear is likely to occur. 
Shale, which is the argillaceous material usually used with limestone, is generally 
wash^Ued before blending with the lim^tone at or after the tube-mill stage. 

Wet tube mills vary considerably in size and design according to their par¬ 
ticular duties. The present trend in d^ign is towards compartment nulls using 
three chambers containing steel media ranging in size from 3 in. to f in., and 
fitted with hard chrome-steel lining plates. The power consumption in wet mills 
is about 10 per cent less than with equivalent sizes of dry mill ornng to increased 
ball slip, and ranges from 300 to 1200 h.p. The average energy used in grinding 
a medium limestone (Hardgrove Index 70) so that it mainly passes the 170-mesh 
B.S. sieve, is about ZZ kWh/ton operating at a moisture content of 35 per cent 
by weight of the slurry. 
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Classification and operation of wet tube mills in closed circuit using hydraulic 
cyclones is a comparatively recent development. The high solids content in the 
slurry calls for high pressure, up to 100 p.s.i., to obtain suitable separation, 
with (xjrresponding pumping problems, not least of which is wear. The cyclones 
vary in size depending upon the duty and range from 4 in. to 8 in. diameter, 
with cone angles of about lO'". 

(b) Dry Process 

The increasing cost of fuel has turned attention towards the dry process, 
which is particularly attractive in the case of relatively dry materials such as 
limestones and shales. The process is not as yet widely adopted in Britain and 
the following notes are based on Continental practice. The type of mill used for 
dry grinding raw materials varies; some air-swept tube mills are employed in 
closed circuit with central peripheral discharge and quite widely used are mills 
of the ring-roll system with built-in classifiers. Two types used in Germany are 
the "Berz’ and ‘Loesche’ mills, the latter being developed from the old ‘Loesche’ 
mill, which was the same as the ‘Lopulco’ and is probably more, widely known 
as such in this country. The ‘Berz’ mill is a comparatively new design employing 
three grinding rollers positioned by a ‘spider’ and held l^tween a pressure plate 
and the driven bowl-shaped grinding table. The rolls move round the bowl as 
they rotate, unlike the fixed position rollers of the ‘Loesche’ and other mills. 

Both mills are air swept, with hot air if necessary for drying, and closed 
circuiting is achieved by built-in rotary or stationary vane classifiers. The energy 
consumption for mill and fan is less than that of a tube mill and for hard lime¬ 
stone (Hardgrove Index 60) is about 14-16 kWh/ton. The proportion taken by 
the fan for material transport and classification increases with the size of the 
mill and can be as much as 7 kWi/ton in the largest mills at present made. 

The recovery of ground raw material from the exit stream of air-swept mills 
is a sizeable problem, particularly with mills delivering up to 30-40 tons/hour. 
In order to ensure a minimum of wastage and pollution a highly efficient com¬ 
bination of cyclones and electrostatic precipitators has to be employed. 

COAL GRINDING 

Kiln firing follows standard pulverized fuel practice and the coal mill s 
employed have been widely used for a considerable time. Experience has shown 
that for satisfactory firing, bituminous and semi-bituminous coals should not 
have more than 25 per cent residue on the 170 B.S. sieve. The optimum size 
grading is not known and research is in progress on this point, notably by the 
International Flame Research Committee at Ijmuiden in Holland. But generally 
coal mills are operated in closed circuit, producing gradings depending upon the 
efficieiKies of the separators. 

Two systems of Mng are used, direct and indirect. In the first, raw coal is 
dried, ground and blown directly into the kiln, whilst in the second, ground 
coal is storrf before firing. With the present variability of coal quality the 
degrw of blending achieved by storing and the immediate control of coal feed 
to the kiln favour the indirect system. Simplicity in operation and cost of instal¬ 
lation and maintenaiK^e, on the other hand, favour the direct system which is 
used in the majority of mills at present. 

Various types of null are employed and generally it is possible to adapt them 
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for either system of firing. An exception is the larger type of tube mill such as 
the ‘Tirax% which, on account of its size, is limits to the indirect system. 
Other mills used include the high-speed attritor type and occasionally hammer 
mills, the medium-speed ring roll t^, and small air-swept ball mills. 

The main problem with coal-mill operation is that of dealing with wet coal 
and an adequate supply of hot air is necessary, particularly with ball mills, 
which are generally the most troublesome. The ‘Rema’ arrangement in which 
raw coal meets a stream of hot air and is classified before entering the mill assists 
considerably in avoiding these troubles. The performance of high-speed grinding 
mills deteriorates as the grinding parts wear and for the same energy consump¬ 
tion the ground coal becomes increasingly coarse. There is also the danger of 
sudden breakdowns or ‘crashes’, which are expensive. 

It has been found difficult to obtain any general performance figures for coal 
mills as conditions vary from works to works. However, the types of mill at 
present in use require of the order of 25-30 kWh; ton for grinding, transporting 
and classifying coal to a fineness of 25 per cent residue on the 170-mesh B.S.. 
sieve. 


CEMENT CLINKER GRINDING 

Grinding of clinker to produce the finished cement is probably the type 
chiefly associated with this industry and the foregoing milling problems may 
be less widely recognized, though none the less important. 

Cement cUnker is an extremely hard material and in consequence grinding 
costs are high. It is also very abrasive, so that wear on any type of mill is bound 
to be considerable. Under these conditions the tube mill is the only economical 
proposition, since the wearing parts, balls and liners are relatively cheaply 
replaceable. 

Until comparatively recently open-circuit grinding was used throughout the 
industry. The fine tail t 3 q)ical of this type of grinding gives cement a high early 
strength, a property much in demand among cement users, and for this reason 
closed-circuit grinffing has not been widely employed. At present the qnyestion 
is being investigated further, particularly in Germany and America and some 
closed-circuit systems are being operated successfully and are reported as giving 
good-quality cements. However, as yet the open-circuit tube mill predominates. 

The mills vary considerably in size and power, ranging from M to 40 ft in 
length, 5 to 8 ft in diameter and 300 to 1200 h.p. Present practice is to use the 
larger 800 to 1200 h.p. sizes sei^rated into 3 or 4 compartments by slotted dia¬ 
phragms and often fitted with lifters to assist the flow of cement through the 
mill. The sizes of grinding media used vary from 3-i-in. to 4-in. forged steel balls 
in the first chamber to |-in- cast-iron tells or cylindrical media in the last 
chamber. To prevent direct wear on the shell, liner plates are fitted and many 
designs are available each having claim to some improvement in grinding 
efficiency. Generally they are of stepped form for use with the larger media and 
slightly ribbed or plain in the remainder of the mill. A special conical lining plate 
has been successfully used abroad; this segregates the various sizes of media and 
prevents the smaller sizes working towards the inlet end of each chamber, as 
they do in normal linings, to the detriment of the grinding efficiency. 

The design of tube mill s has been developed to an extent that outputs and 
power consumptions for clinker grinding can be predicted with accuracy* 
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Normally the volume loading adopted is 30 per cent, giving a charge weight of 
as much as 80 tons in the larger mills. Higher loadings up to 40 per cent are 
used in closed circuit mills, particularly in America. 

A rapid calculation of the power requirements of any tube mill grinding 
cement clinker can be obtained from the formulae: 

h.p. = O-l.D.W.N 

where i)=diameter of mill (ft), lF=welght of media (tons), N=r.p.m. of mill. 

The optimum speed is generally expressed in terms of the critical speed, 
ranging between about 70 per cent of critical for fine grinding and 80 per cent 
for coarser grinding. A compromise has to be made in the case of combination 
tube mills where coarse and fine grinding occur and usually a speed of 75 per 
cent of critical is employed. 

The critical speed can be calculated from the formula: 

■^critical ~ 76-6/V'^J 

For the production of ordinary Portland cement the energy consumption is 
about 30 kWh/ton. 

Clinker feeding is done by rotary feed tables, belt feeders and in certain cases 
weigh-feeders. Gypsum is fed in simultaneously with the clinker, the two rates 
being coupled to ensure correct proportioning. The coupling is adjustable to 
allow for variation in the quality of the gypsum. The maximum size of clinker 
feed to the tube mill is about ^-1 in. because with clinker larger than this the 
necessary size of grinding media becomes impracticable. On the other banH it 
has been found uneconomic to crush the feed below | in. since it is reduced 
below this size in the first few feet of the mill. 

Considerable heat is developed in the grinding of cement clinker and some 
mills are therefore water cooled, since coating of the grinding media, which is 
liable to develop at temperatures above lOO'C, will reduce the efficiency of the 
grinding operation. 

In the manufacture of white cement, iron contamination has to be avoided 
and flint pebble charges are used in mills lined with ‘Silex’ blocks. The grinding 
is not very efficient as the pebbles have a density similar to that of clinker, and 
the eno-gy consumption is up to 60 kWh/ton. Denser ceramic media are used 
in America and France, but the first cost is high, being in the region of £200/ton 
as a^nst approidmately £8 for pebbles. 

For prodiKing very fine special cements, grinding aids have been used to 
prevent coating of the media. Fats and resins have proved successful and for 
clearing a badly coated mill a small quantity of coal or resin has often been very 
useful. The quantities of such aids must be kept low (below about 0-05 per 
cent) to avoid giving the cement air-entraining properties, unless these are 
desired. 


CONCLUSION 

The mills described are of a wide range of designs and perform a wide variety 
of duties requiring from 4 kWh/ton for washmilling soft chalk to 60 kWh/ton 
for grinding white cement using pebbles. The essential feature of grinding in 
cement manufacture is that the milis, like all cement works plant, must be 
reliable enough to work without a stop for months at a tinw 
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From the design and performance aspect most is known in the industry about 
clinker grinding using tube mills and these can be designed to give desired 
outputs based on experience and relatively simple theory. On the other hand, 
less is known about the scope of other grinding plant such as ring-roll mills 
and attritors and there is room for investigation into their characteristics and 
performances. 



Crashii^ and Grinding of Minerals 

T. Andrews, A.C.S.M., Asscx:. M.I.M.M. 
{Huntington^ Heberlein & Co., Ltd) 


The reduction of minerals by crushing and grinding may be regarded as having 
one or other of two main objectives: the attainment of a size appropriate for 
the direct industrial application of the mineral, e.g. barytes, sand, aggregate; 
or the release of metallic or ore inclusions from an unwanted matrix with a view 
to maximum separation. In both cases, quarrying, as a rule by explosives, 
followed by coarse crushing of the quarried lumps and then by intermediate or 
secondary crushing of the product, is the normal course of reduction and, with 
a few exceptions, is irrespective of the ultimate objective. After this, the methods 
of fine crushing and grinding and the accompanying ancillary processes are 
chosen in accordance with the objective in view and with certain physical 
properties of the mineral. In the later stages of reduction, power consumption 
increases rapidly with fineness of product, and it follows therefore that grinding 
beyond the desired size or optimum range is to be avoided as far as possible. 
In practice it is more often the case that power is unnecessarily expended due to 
inadequacy of the ancillary equipment, its inherent inefficiency or unsuitability. 

CRUSHING 

The basic principle upon which a crusher works is the application of the 
necessary force in a suitable way to overcome bonding forces by which a lump 
of mineral is held together. In machines where the opposing crushing members 
are held mechanically apart this force is applied either as direct pressure or 
squeezing until fracture occurs; or by impact, where the rock may either be 
freely suspended, e.g. as in hammer mills, or stationary as in stamp mills. 

In such machines the feed size of mineral may range from i-in. cube—as in 
the case of smooth-faced rolls—^up to large run-of-mine or quarried lump of 
30-in. cube. 

The determining factor in the choice of the primary crusher is often the 
tonnage to be handled and the size of the largest lumps, for where both are 
large the ^ratory type has many advantages, foremost of which are lower power 
consumption, first cost and choke feeding—in fact the gyratory may be ‘ buried 
and tT\Kk loading is wnmion practice. The jaw crusher on the other hand needs 
a feed controller, which in the case of the very large units involves the provision 
of a massive apron f^er the cost of which may be as high as £10 000. The 
jaw crusher, however, is capable of receiving a larger lump for any rated capacity 
and in certain cases is applied as a primary sledging breaker, although, unless 
ffiere is an abnormal quantity of massive lumps present in the mine or quarry, 
it would seem preferable to break siKjh boulders by the use of explosives. 

The following comparison between the respective feed and discharge areas 
of a 48 in. gyratory and a 48 in. x 60 in. jaw crusher serves to illustrate some of 
the foregoing factors: 
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Feed area: 

Jaw crusher . 
Gyratory 

Discharge area: 
Jaw crusher . 
Gyratory 


one opening of sq. ft 
two openings each of 434 sq. ft 


3-1 sq. ft 
10-9 sq. ft 


An important advantage of the jaw crusher over the gyratory crusher is that 
of being able to deal with materials having a high clay content, although this 
advantage is less where discharge openings are large. 


SECONDARY CRUSHING 

It is assumed, for the present purpose, that intermediate crushing is not 
necessary and that the run-of-mine or quarried mineral has, in one pass, been 
reduced in size so that all is below say 6-in. ring size. From this stage forward 
the utilization of the product assumes primary importance. For example, if the 
economic mineral is wolfram or scheelite, necessitating separation from the 
matrix by hydro-gravity separation, the further size reduction must be effected 
with the aim of minimizing the production of ‘i&nes’, whereas if flotation 
separation is to be used no such consideration applies. Similarly, in the pro¬ 
duction of road-surfacing aggre^te the shape of the secondary crushed product 
is important and here particles approaching cubic shape are preferable. 

Prior to secondary crushing it is important and desirable to remove the fines 
already below the set of the crusher- Run-of-mine and quarry product when 
accepted into the plant comprises rock of varying sizes some of which is below 
the primary crusher open setting, but its removal from the crusher feed at this 
stage is not so important as in secondary crushing where the feed is of a shorter 
range and hence packing by fines more serious. Moreover the mechanical and 
siting problems involved in removing, say, minus 6 in. ring size from quarried 
rock of 30 in. cube would outweigh any increased efiSciency of the crushing 
operation. 

It is desirable to remove undersi^ 3Enateriai from the crushing unit for a 
number of reasons: power has been expended in ejBTecting its size reduction; its 
presence in the crushing unit and the packing of the voids between the uncrushed 
oversize not only reduces throughput but results in increased wear and higher 
power costs. If, in addition, the fines are of an argillaceous character the presence 
of such in the crusher will prove to be an intolerable nuisance. 

The secondary crushers to be considered are the following: cone-type gyratory, 
roUs, hammer mills, gravity stamps. This range of four secondary crushing 
machines includes two in which size reduction is effect^ by pressure and two 
by impact. Of the four to be discussed the hanamer mill has its own particular 
field of use from which other types of crushers are excluded; roUs are extensively 
used in the crushing of minerals preparatory to gravity separation and whilst 
much of their former use has been taken over by the cone gyratory, the spring 
roll makes an efficient orusher to sizes from f in. to in., taking over where 
the cone crusher leaves off. Despite occasional claims to the contrary it is unwise 
to effect size rediK:tion much below f in, by cone crusher. 

The cone-type gyratory, of whkffi the “Symons’ is perhaps b^t known, is 
pre-eminent as a secondary crusher and is capable of effecting a size reduction 



62 


CRUSHING AND GRINDING 


ratio of the order of 6-8:1. This type of machine is best employed in close- 
circuit with a screen but is unsuitable for minerals of an argillaceous character. 
Protection against the inclusion of steel in the feed is imperative and all units 
of this type are more satisfactory handling dry feed. In cases where the feed is 
damp to wet it is advisable to limit the closed setting to J in. and unless extra 
water can be added to ensure the non-build-up of fine material in the bowl 
regular inspection is advisable. 

The use of hammer mills is in the field of softer minerals, such as gypsum, 
barvtes and limestone, and particularly where the presence of clay would most 
definitely exclude the use of crushing machines in which fracture of the mineral 
is effected by pressure. In this latter field in particular, the hammer mill is also 
used as a primary crusher. The hammer mill is an impact breaker and is capable 
of effecting large reduction ratios. Where the mineral is soft and would easily 
clog, this type of crusher is extensively and successfully employed, modifications 
being made to the cage to facilitate screening and retention of material in the 
grinding zone. 

The gravity stamp, which crushes by impact and is a wet crusher, is being 
superseded by the rod and ball mill in fields where formerly it was extensively 
used. In particular, the stamp was used extensively in crushing gold-bearing 
quartz and cassiterite lode material as in the Cornish mines. The stamp gives a 
very big reduction ratio—feed of from li in. to 2 in. is reduced to 30 mesh—but 
its inefficiency from the viewpoint of power expended must be largely attributed 
to the ‘hit and miss’ method of removing the pulp from the stamp box. 

The use of smooth-faced rolls as a secondary crusher preparatory to ball 
milling in a lead-zinc differential flotation is exemplified by practice at the Zinc 
Corporation Ltd mill. Broken Hill, New South Wales. Here run-of-mine ore is 
reduced to minus -J in. in two stages of primary crushing and subsequently by 
slow-speed rolls to i in., the latter being in closed circuit with screens. The use 
of rolls in this case was influenced by the desire to feed to the ball mills a product 
minus ^ in., to be able to operate the circuit wet, and to use bucket elevators to 
raise the roll discharge to the close-circuiting screen. Further advantages in this 
particular installation were the elimination of the dust problem and the ability 
to change the size of the ball-mill feed to a finer product if desired. 

GRINDING 

It is obviously desirable to limit size reduction to the minimum consistent 
with economic considerations, particularly as grinding costs are considerably 
greater than crushing and tend to rise disproportionately with decreasing 
particle size of product. 

In the iwovery of minerals, crushing and grinding of the matrix is, apart from 
the actual separation, the most important phase of the process. The objective 
in this <^se is to produce free mineral particles, which may either be gangue or 
economic mineral; if grinding of either is taken further than necessary such work 
represents waste of ener^. It does not follow from this, however, when treating 
a hetero^neous mineralized body, that it would always be economical to halt 
the ^nding process to e limin ate a proportion of the gangue minerals, but it is 
certainly imeferable to regrind a middling product, even of substantial weight 
fHOportion, rather than to overgrind freed economic and waste mineral. For 
minerals lecoverabte by froth flotation, overgrinding is less critical—nevertheless 
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the grinding plant should be designed so as to avoid the production of superfines 
as much as possible. For the satisfactory operation of mineral recovery by froth 
flotation the upper limiting size is of the order of 250 microns. 

GRINDING PRACTICE 
(a) Wet Grinding 

In ore-concentrating processes, tumbling mills probably account for more 
than 95 per cent of total throughput when grinding to 30 mesh and below. 
They are almost wholly employed in the wet grinding processes. They may be 
rod or ball mills according to the process employed in the subsequent recovery 
of the contained economic mineral. When gravity separation by reciprocating 
tables is practised, either rods or balls may be used and in either case it is good 
practice to operate in closed circuit with a vibrating screen. There is less chance 
of overgrinding when using a rod mill but an effective insurance against this, 
in the case of the ball mill, is to operate the circuit with a relatively large cir¬ 
culating load. 

Modem practice in the grinding of ore containing cassiterite is exemplified at 
the Geevor mine (Cornwall), where Hardinge cylindro-conical bail mills operate 
in closed circuit with vibrating screens. This type of circuit is satisfactory where 
grinding to 500 microns is sufficient to effect liberation but it is doubtful whether 
screening beyond 30 mesh B.S.S. is sound practice, owing to the relatively short 
and irregular life of the mesh. 

Rod mills are not suitable for fine grinding of minerals but present practice 
favours the use of rod mills as preliminary grinding units operating in open 
circuit. The rod-mill discharge at minus 16 mesh is further ground in a ball 
mill operated in closed circuit with a mechanical classifier of the rake or spiral 
type. Rod mills in such installations may be likened to multiple rolls, size 
reduction being effected by impact and pressure. 

In order to minimize the wastage of power by unnecessary size reduction of 
minerals all modem fine-grinding installations have ball mills in closed circuit 
with classifiers. Inasmuch as nearly all the economic minerals in mine ore are 
heavier than the gangue minerals the former suffer overgrinding because of the 
concentrating effect of hydro-classification. This is particularly so in the case 
of the softer minerals of high specific gravity such as galena, and in order to 
obviate this defect a concentrating machine is often interposed between the ball 
mill and the classifier. 

Unfortunately, there are many classifier installations of relatively low efficiency 
and an appreciable percentage of material below the optimum mesh-of-grind 
returns to the grinding unit trapped in the returning sand load. An investigation 
into the most satisfactory ‘policeman’ to be interposed between the grinding 
unit and the concentrator would be advantageous. The use of vibrating screens 
down to and including 72 mesh B,S.S. would bridge a wide existing gulf, but 
risk of failure of the screen cloth in addition to the large screen area required for 
large toimages of fine-mesh material precludes the use of screens excepting for 
relatively small tonnages. 

Hydrocycloning of the ball-mill feed may, in certain circumstances, be 
satisfactory but the extreme reliability of the mechanical classifier (rake or spiral) 
is such that it is likely to be favoured for the immediate future. 

Mineral grinding in closed circuit with ball mills would ^in in efficiency if 
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the desideratum of the flotation circuit were divorced from the process of size 
reduction. 

Pulp density is an important factor in wet-grinding mills—^too high a pulp 
density, expressed more conventionally in terms of percentage solids by weight, 
would restrict the grinding force, as the pulp would serve as a cushioning factor. 
An extremely low pulp density would also be disadvantageous because too little 
of the pulp would adhere to the surface of the balls and would result in the balls 
being in contact with relatively clean surfaces. This condition is readfly noted 
in practice when the sound from the mill is harsh and metallic—conversely a dull 
sound indicates too high a pulp density. 

A pulp density, at a specific solids/water ratio, is dependent upon the specific 
gravity of the solid phase; it follows that with minerals of high specific gravity 
a higher pulp density can be permitted than with minerals of low specific gravity. 
To the experienced millman, the consistency of the pulp is a sure guide to 
optimum conditions, but automatic aids such as the Harding ‘electric ear’ are 
reported to give satisfactory control after optimum conditions have been 
established. 

(b) Dry Grinding 

The following physical characteristics of minerals must be taken into con¬ 
sideration in deciding upon the most suitable size-reduction installation: 

1. Hardness. 

2. Abrasiveness. 

3. Stickiness. 

4. Free moisture content. 

5. Chemical stability. 

6. Purity of finished product. 

Hardness and abrasiveness must be considered in relation to the wear of the 
grinding parts, and such nunerals as iron pyrites, silica and siliceous minffraU 
(feldspar for example) should be ground in dry tumbling mills. In grinding to 
30 mesh or coarser the mills are preferably close-circuited with vibrating screens, 
but below this mesh air-swept mills and air cyclones should be employed! 
Maintenance, however, is heavy with air-swept mills, particularly in the 
cyclone and trunking, and in the case of such an abrasive mineral as pyrites 
special lining material to the trunking must be fitted. Such a lining is readily 
available. 

Most minerals exhibit adhesive properties when damp and a number have 
^s characteristic even when perfectly dry. Iron ochres, talc, chaiv are a few 
in this category. For satisfactory dry g^ding of minerals the free moisture 
content should be as low as possible, particularly if comminution to a fine size- 
say, minus 300 mesh—is desired. Limiting moisture in this case should be of 
the order of 0-5 per cent and if the mineral possesses adhesive characteristics, 
satisfactory operating practice demands a moisture content of the order of 
0-2 per cent. Roller mills with inherent vibrating effects are the most suitable 
machines for this class of mineral. The introduction of hot air or gas into the 
feed and milling system is widely practised in grinding damp and adhesive 
minoals. 

Punty of final product is an important consideration in many cases such as 
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in the grinding of barytes for the paint trade. The presence of minute traces of 
iron is prohibitive in such a case, and therefore in the grinding of minerals 
where purity of colour is an overriding consideration, pebble mills are used. It 
is to be noted, however, that the wear of silica pebbles is far greater than that 
of steel balls and if silica in the final product is detrimental, tumbling mills 
manufactured in special steel may be necessary. 



Grinding in the Field of DyestuflFs and 
Organic Chemicals 

C. Toyne, B.Sc.(Tech.) 

(Imperial Chemical Industries Ltd, Dyestuffs Division) 


Grinding operations in the dyestuffs and organic chemicals field cover a wide 
range of products and machines. The materials are expensive and quality control 
is of paramount importance; energy consumption is a secondary consideration. 
The operations can be conveniently subdivided as follows: 

(a) Grinding and mixing of colours and diluents in the standardization of 
dyestuffs and pigments. 

(b) Preparation of dyestuffs intermediates or other organic chemicals for 
further processing or for sales. 

(c) Paste milling of vat dyestuffs in the manufacture of dispersible fine 
powders. 

(a) In these operations the dried colours and diluents are ground separately 
and then mixed in batches with adjustment according to colour test until the 
required blend is achieved. The usual diluent is common salt but other materials 
such as starch, talc, sodium sulphate and sugar are sometimes used. The essential 
requirements are that the standardized colour should be a free-flowing powder, 
free from lumps, with uniform appearance and tinctorial strength. For the 
majority of colours the particle-size specification is 100 per cent < 14 B.S.S. 
(1200 mu), 99*5 per cent < 36 B.S.S. (420 mu) and 95 per cent < 60 B.S.S. 
(250 mu). Finer grinding would increase the dust-control problem without 
contributing appreciably to the rate of solution in the dye-bath. 

Although the physical properties of the unground colours vary considerably 
the majority are fairly soft and friable; in general the hardness is comparable to 
gypsum or rock salt, i.e. 2 on the Moh hardness scale. The grinding duty is 
therefore light and can be met by many types of mill such as beater mills, ball 
or rod miOs, pinned-disc and attrition mills. Perhaps the most important factor 
influencing the choice of equipment is the large number of different products 
which must be dealt with in relatively small amounts in the same units. A 
production level of 100-500 tons/annum of one colour can be rated as a high 
output, and for every large production colour there may be 20-30 in the range 
1-100 tons/annum. Campaigns on one colour brand must be relatively short to 
meet sales requirements without building up unduly large stocks. The cost of 
labour in handling the products and particularly in cleaning the ttiiIIr and 
ancillary equipment between batches of different colour is therefore a high 
proportion of the total expenses. Scrupulous care is required to avoid contamina¬ 
tion and on this account a mill of simple design which facilitates opening or 
partial dismantling for cleaning and inspection is preferred. 

Pin-disc and hammer-screen mills fall into this category and are available in 
sizes suitable for the throughputs required in colour standardization. For 
example, a mill equipped with 2-ft diameter pinned discs, or a hammer-screen 
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mill of comparable size, has a representative cai^city of 1 ton hour and power 
consumption 10-30 kWh/ton according to the hardness of the material. Com¬ 
minution in these mills is partly by impact on the moving parts and partly by 
attrition in the highly turbulent concentrated suspension of particles in the air 
passing through the mills. The screen-beater mills are fitted with a retaining 
screen (usually -^-in. holes), which ensures the absence of coarse particles but 
otherwise appears to have no appreciable effect on the grading of the product. 
Blinding of the screen may occur due to overloading, particularly with waxy 
materials. The pinned-disc mill has no safeguard against the passage of oversize 
particles, although this is more likely to occur with sticky or damp material 
which may build up temporarily on the pegs. In both mills the risk of choking 
and caking on the walls is reduced by the intake of air, which also holds the 
product temperature down to 20''-60“C according to condition of operation. 
Combined hammer and fan mills, without screens, which in recent years have 
been introduced for general-purpose intermediate and fine grinding in the dye¬ 
stuffs field, have a relatively greater air throughput and an internal air-classifi¬ 
cation effect. Mills may also be provided with pneumatic separators for tramp 
iron at the feed inlet and when these are used in conjunction with the usual 
magnetic separator, experience has shown that the chances of foreign matter 
entering the mill are small. The magnetic separator alone is useful but not 
entirely reliable. 

In practice the control of feed size and rate is vitally important and a kibbler 
or shredder is usually employed on the mills. This is located at the base of a 
hopper into which the crude unground materials are charged and the feed rate 
is adjusted by the speed and size of aperture of the kibbler disc. In some instal¬ 
lations feed rate is adjusted automatically by an instrument controlling kibbler 
speed by consumption in the mill. The power load is adjusted to the optimum 
for each product. 

Heat-sensitive dyestuffs and intermediates are sometimes encountered and 
special precautions may be required to avoid ignition or quality deterioration. 
In such cases where standardization with inorganic salts is practised it is safer 
to grind the sensitive material in admixture with a large proportion of the 
diluent. Caking in the mill is likely to lead to overheating and decomposition, 
and care in drying feed materials usually helps to avoid this trouble. Attrition 
mills and beater mills with induced air flow have proved quite safe for grinding 
these products provided feed rate is carefully controlled and the above precau¬ 
tions are taken. 

The physical appearance of some brands of colour is so important a selling 
point that the mill must be selected on this criterion more than any other. 
Speckiness, caused by incomplete coating of white particles of diluent by the 
colour, and dullness of shade are faults of this kind which often can be eliminated 
only by a grinding unit in which comminution takes place by rubbing and 
shearing rather than by impact action. For this duty the ball or rod mill or the 
edge-runner are usually employed. 

(b) Dyestuffs intermediates or other organic products such as rubber 
chemicals, textile auxiliaries and medicinal products are usually prepared for 
sales by fine grinding; anything from 95 to 100 per cent throu^ a 100 B.S.S. 
sieve may be specified. Although most of these materials would fail into the 
same hardness class as dyestuffs the range of physical properties is wider and 
the throughput of a given mill may vary considerably from product to product. 
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Attrition mills are commonly employ^ with pneumatic conveyance to blenders 
or hoppers fitted with dust stockings. This type of mill has the advantage that the 
internal classification can be adjusted to facilitate the changes of throughput 
and specification required. Low melting point or sticky materials need special 
care in establishment of operating conditions, in particular air/product ratio. 
Caking near the feed inlet or on the rotor pegs may be prevented in such cases 
by increasing the air rate. On the other Imnd, high air rates often lead to build-up 
and blockages near bends caused by heat generated by friction in the pneumatic 
transfer ducts. A balance must therefore be struck between these eflTects. In the 
most difficult cases where sticky materials are ground the efficiency may be so 
rapidly impaired that stoppages for cleaning are necessary every few hours. For 
very fine grinding (say 100 per cent < 10 mu) fluid-energy mills and ball 
mills are used. The latter are cheaper in operating cost but fluid-energy mills 
are very useful in cases where absence of contamination is of special importance 
(e.g. penicillin). 

(c) Wet ball or gravel milling is employed as part of the complex process 
required to manufacture dispersible vat dyestufis and pigments. It is essential 
in these cases to achieve a primary particle size of less than 3 mu and to. break 
down the aggregates formed by these particles. This can best be done by batch 
milling the paste with addition of a dispersing agent for periods which may 
extend to several days according to the product. The mills are usually tile- or 
rubber-lined and range in size from 10 to 20Q gal; the larger mills may require 
cooling by water sprayed over the shell. Various grinding media are used, in¬ 
cluding sand, gravel, jwrcelain balls and steel balls. Of these, gravel (Dorset pea) 
appears generally to give the best result, with low contamination by breakdown 
of the grinding media, and low cost. 



Fire and Explosion Hazards in Crushing and 
Grinding Operaticms 

F. E. T. Kingman, Ph.D., F.R.I.C. 

{Joint Fire Research Organization) 


Any grinding or crushing operation must produce, by accident or design, large 
quantities of fine material, and if the original material is combustible, the dust 
produced may give rise to serious fire or explosion hazards. The more serious 
of these hazards is that of a dust explosion; thus, many solid materials such as 
coal, starch or cork, sulphur and many dyes which bum quietly when in com¬ 
paratively large lumps may bum with explosive violence when ground to a line 
powder and dispersed in the air as a dust cloud. Such dust explosions am result 
in catastrophic damage, and it follows therefore that in any works where fine* 
dust is used, manufactured or produced as a waste product great care must be 
taken to prevent a dust explosion or to minimize its effects should it occur. 

Suspensions of dusts in air are very similar in many ways to mixtures of 
flammable gas and air. Thus, in each case, explosion only occurs when the 
concentration of the combustible lies within certain limits (the limits of flamma¬ 
bility), though the limits are mwh wider with dusts than with many gases. For 
practical purposes, the lower flammability limit for most dusts may be taken 
as 0*02 oz/cu. ft, but the upper limits have not in general been determined and 
in any case are not of such great practical importance, since if a rich dispersion 
occurs settling will soon produce a mixture within the explosive range. Further, 
as with flammable gases, no explosion can occur unless an igniting source is 
present. 

The problem of flammability of dusts has been studied for many years by the 
Factory Department, Ministry of Labour and National Service, at the Safety 
in Mines Research l^tablishment, Buxton. A very large range of dusts has 
been examined and classified according to their relative explosion hazard. A 
summary of the results has been published in Factory Form 830 (1952). This 
work together with practical experience in industry shows that a very wide 
variety of materials can give rise to dust explosions. The Factory Form classifies 
dusts according to thek relative ease of ignition and Class 1, i.e. those dusts that 
can be ignited by a small source and that will propagate flame readily, includes 
such materials as flour and grain dusts, cork and coal, many of the synthetic 
plastics and certain particularly dangerous metals such as magnesium and 
aluminium. 

The industries and processes most liable to dust-explosion hazards fall into 
three classes; 

1. Milling industries, such as flour mills, where the dust is the final prodiK^t 
of the process. 

2. Industries in which the dusts form one or more of the raw materials. 

3. Industries where the dust is produced as a waste product by processes 
such as grinding and polishing. 
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In practice it will probably be found, at least in modern plants, that the 
explosion hazard is fairly well understood in works in which processes falling 
into either of the first two groups are concerned. It may therefore be expected 
that the plant will be designed to reduce the hazard, and suitable precautions 
taken to minimize the consequences of any explosion. In the third group, how¬ 
ever, it may well be found that the dust is only regarded as an annoying waste 
product which has to be disposed of with as little effort and cost as possible, 
without any real appreciation of the risk of a dust explosion. 

In any process involving the production of dust by grinding it will be necessary 
to take precautions against dust explosions throughout the whole process, since 
the possibility of an explosive concentration of dust is not confined to the 
grinding process itself. This latter operation is of course the point at which safety 
precautions must be first applied, since the production of a dust cloud is inherent 
in the nature of the operation and the possibility of ignition is increased by the 
amount of energy required to carry out the operation; also much of this energy 
is used in heating up the material rather than in the actual process of subdivision. 
In many cas« the concentration of dust in the null may be too high to permit 
of an explosion but the dust if ignited may pass out of the mill and cause an 
explosion in other parts of the plant. Every effort should be made to eliminate 
ignition sources, e.g. by the use of magnetic and other separators to remove 
tramp iron and other foreign hard bodies, and it is preferable to carry out the 
grinding operation in small segregated units. With some hazardous materials, 
this may involve installing the grinding plant in a separate blast-proof enclosure. 
In some cases it may be necessary to cany out the grinding in an inert gas. 

Siimlar safety precautions will apply to all parts of the plant, however, and 
as it is rarely possible to ensure complete immunity from dust explosions, it is 
necessary to consider the possible means of minimizing the destructive effects 
of the explosion. 

Further advice on this can be obtained from ‘Notes on the Installation of 
Plant for the Grinding of Flammable Materials’, Ministry of Labour and 
National Service, Factory Form No. 896, 1950, as well as from other 
publications. 

These precautions obviously are closely related to the design of the plant, 
and it cannot be too strongly emphasized that in any plant in which explosive 
dusts are handled or produced the safety measures should be considered as an 
essential of the initial design of the plant. Two further points must be Tna/I» 
When a dust explosion occurs in a plant handling or producing dust, the 
primary explosion in the plant may disrupt the plant. This, in itself, may not 
cause serious damage outside the plant. If, however, the dust which must in¬ 
evitably escape from the plant during normal running has been allowed to- 
aaumulate on ledges, window sills, girders, etc., the primary explosion may 
disperse and igmte this loose dust. The secondary explosion thus caused is likely 
to < 21 ^ much more serious damage than the primary explosion. It is therefore 
essential to prevent the accumulation of dust in a factory by systematic cleanine 
preferably by a vacuum exhaust system. 

Fi^ly, the collation of the dust may ra.use some hazard, and dry collectors 
should be placed in a position outside the factory where an explosion would 
cause le^t harm. If the dust is a waste product it may be possible to collect by- 
wet scrubbers placed as near as possible to the source of emission of the dust,. 
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thus eliminating the explosion hazard; this latter course is a statutory require¬ 
ment in the grinding and polishing of magnesium. 

These notes on the hazards of dust explosions and the necessary safety pre¬ 
cautions are only designed as an outline of the problem, which is extremely wide 
and varied, and in which each individual plant has its own peculiar problems. 
It is recommended, therefore, that where new problems arise, and particularly 
where a new plant is under consideration, expert advice should be sought. The 
Government Department most closely concerned with this problem is the 
Factory Department of the Ministry of Labour and National Service, and a 
considerable amount of information has been published by the Senior Chemical 
Inspector and his colleagues, whose advice is available when dust explosion 
hazards are being considered, either in the construction of new^ plant or the 
operation of plant already in existence. 

In addition to the explosion hazard w'hen combustible dusts are disp>er5ed as 
a cloud, a serious fire hazard may arise from the presence of quiescent layers of 
dust. 

Many common dusts such as wood and cork dust, even when spread out in 
layers, will smoulder readily in still air. The smouldering is readily initiated even 
by a small source of ignition such as a cigarette end. Smouldering proceeds 
slowly (e.g, a few inches per hour in still air) but will continue as long as the 
thickness of the dust layer is above a certain minimum value which may be as 
little as one-tenth of an inch. 

The rate of smouldering is increased by air currents over the surface of the 
dust, and the minimum thickness required for sustained smouldering reduced, 
but it is not possible to induce open flaming with fine dusts, since the dust is 
blown away before the rate of burning is rapid enough to cause flaming. If, 
however, the smouldering dust is in contact with coarser combustible material 
such as shavings, paper, etc., the smouldering dust will initiate normal flaming 
combustion of this material. 

Smouldering can also occur in deep piles of dust, even if the source of ignition 
is buried within the heap. In such circumstances the rate of smouldering may 
be very slow, and smouldering may go on undetected for days, weeks or months 
before it bursts through to the surface. 

Like the explosion hazard, the smouldering hazard of dust layers and piles 
can only be eliminated by careful design of plant and buildings and above all by 
the maintenance of a high standard of housekeeping and constant vigilance. 
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linear velocity is the same. The Rittinger law is discussed. The results of laboratory 
crushing tests of cubes of stoneware by pressure and impact has established the relation, 
W= C log FaIFq* where work for crushing from fineness A to fineness G, and C 

is a cemstant. Ihe asaimption that e&kncy of grinding is independent of particle 
size is not true beyond a certain limit of firmness. 

15. Classifled Grlndii^ Research. Andrews, L. Trans. Instn Min. MetalL Lond., 
1938-9,4S, 141-207; Bull. Instn Min. Metall., Lond., 1938, (409), 1-25; Ceramic Abstr., 
1940,19,19.Thetheo!y k advanced that the rise in teinperature in a wet grinding mill 
is di^ mainly to two causes: (1) molecular stretching and shearing of the strained 
suspending medium surrounding the solid partides, and (2) molecular agitatkm in 
partides not firactured by the blows reoeiv^ Results are givact of iaborat<Ky and 
woiics tests vriuch appear to confimi thk theory. The appikariem to milling and das^ 
cation practice is discussed recominendations made for research on these Imes. 
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The experiments were done in a nK>dified Joute calorimeter and calculations made on 
the basis of surface tension values. 

16. Zerkkinernigs^ateik wad Staii> (Cmsiiiii^ Tedmiipe and Dust). Ansexai, W. 
1950, Verein deutsd^ Ingemeur Verlag» Diisseldorf. A 59-page publication with 
numerous tabular and graphic presentations of data accompanying the eight sections, 
with appendices containing physical data for some hundred materials. 75 refs, are 
appended. <1) Estimation of size by sieving and sedimentation. (2) Size distribution 
and standard of fmeness. Tables of numerical evaluation of factors for size distribution 
calculations for many types of fine and coarse mills and for many materials. (3) Results 
and applications. Experimental results of the size distribution for various materials 
and various crushers and grinders are discussed and presented in tabular form. (4) Sur¬ 
face estimation. The application to various materials and cement varieties is discussed. 
Results for various mfils are tabulated with reference to the formulae derived. Mathe¬ 
matical analysis. (5) Energy consumption is discussed, methods of calculation are 
described and experimental data are tabulated. (6) Grinding resistance. Methods of 
assessing grindability are ckscribed and experimental results tabulated for many 
materials. (7) Energy consumption and eflSciency for various sizes with different 
materials. (8) Enragy balance of a compound mill. [P] 

17. Surface Area Fro&acdoa and Energy Requirements in the Grfnd&ig of Solids. 
Anseum, W. Zement-KaIk-<jips., 1953, 6 (1), 15-22; TonindustrZtg, 1953, 77, 62. An 
experimental study, based on Rammler computations for several materi^, in which 
the calculated values are compared with the Blairs test values. The coarse surface 
effect in larger partictes needs further investigation. It appears beyond doubt from the 
energy requirements and surface calculations, that crushing into coarse grains is more 
expensive in energy than the production of fine particles, contrary to opinions hitherto 
prevailing. Results are presented in graphic form. The Blaine test appeared to give a 
larger amount of surface than the calculated quantity. 17 refs. 

18. Tl» Pr^uinitioD of Ceramic Raw Materials. BI-VL Avenhaus, W. Ziegelirt- 
dustrie, I95D, 3, 6, 34, 98, 132; 1951, 4, 697. Crushing is defined very carefully. The 
basic princ4>les in calcukring tte work required to obtain a product of the determined 
dimensions are given. Many practical examples are given and solved. 

19. Prepress m Coal Science. Bangham, D. H. 1950, Butterworth. R 2. Fine 
Partkies. 456 pp,, 40r. OcL 

20. Contrix^lQD to toe Theory of Grinding Processes. Bass, L, Z. angew^ Math. 
Phys.^ 15 July 1954, 5 (4), 233-92; Industr. Diam. Rev., Feb. 1955, 12® 39. Mathe- 
matkad theory of milling processes are developed by deriving and solving a partial 
integro-differential equation which describes time-dependent particle size distribution 
of nuUing charge. This basic equation contains a chmacteristic function of both mill 
and material milled, conveniently determine from measurements using an approxi¬ 
mation derived from ^neral thwry. This approximation, which can also be used 
indepQidmitly, can give experiment^ evidence of validity of general theory. It was 
estaMisiied in a previous paper {Powder MetaU. Butt., 1953, 6, 148) that this approxi¬ 
mation is in agrcOTent with results obtained by experiments. Several approximate 
solutloiis of the basic equation as well as 4 rigorous one are worked out, and an analysis 
of the semi-empirical Rosin-Rammler formula is given from the point of view of the 
present theory. 8 refs. 

21. Brok^ CoaL Bennett, J. G. J. Inst. Fuel, 1936,10,22-39. The random fracture 
of large co«d during the processes of mining and handling. It is shown that the residue 
curves follow the Rosin law ov^ a wide range of particle sizes. The importance of 
int^nal frssures is shown. See under Coal. 

22. Hie Rdbrion between Sm Dtetrixitkm and Breaks Proce^ Bej^nett, J. G., 
Brown, R. L. and Crone, H. G- J. Inst. Fuel, 1941,14, 111. The mechanical properties 
can be e^Iained cm the view that coal is a brittle material with a random distribution 
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of internal weaknesses down to the ultimate micelles. This leads theoretically to the Id^l 
Law of Breakage for the fracture of a single lump by a violent blow. Experimental 
evidence for Ideal Law is given, and it is also shown to be connected with the fine 
material or complement produced in mild degradation. Various types of complex 
fracture are investigated experimentally and lead to generalized laws of size distribution 
which are shown to be closely approximated by the Rosin-Rammlcr lelation. A 
distinction is drawn between complete and defective cyctes of breakage and it is 
suggested that this distinction provides a rational basis for the study of breakage 
processes and the performance of crushing and grinding plant. 

23. The Medtanics of Partial Degradatioiu Bennett, J. G. and Brown, R. L. /. inst 
Fuel, 1941,14,135. The view that coal can be regarded as a brittle material with a random 
distribution of weaknesses is extended by considering the variability of the weakn^ses 
themselves. This leads to a gei^ral law of coal breakage; ‘When work is done on a 
brittle material, the energy appears in part as new surface of fragmented products 
and in part as the creation of fresh inner weaknesses.’ With the help of this law, the 
mild degradation of a single lump of coal is investigated and relations established 
between the weight of broken product (complement) and the work fV per unit volume, 
the suddenness factor O whidi is a measure of the rate of application of the forces, the 
equivalent number/of points of application of forces and the number p of stages of 
breakage involved. The chan^ in the internal weakn^ of the coal are defined in 
terms of a History Factor and the relations between this factor and the Ineakage 
process examined. A strength index is deimed as 5== where 7 is the fraction of 
a broken product forming the complCT:mt and k the fraction of the complraent less 
than some arbitrary small size. Experimental evidence from shatter tests from a low 
height, and from tumbler tests, is given in support of the theory. 

24. Giii^aMlity and Grinding Characteristics dT Ores. Bond, F. C. and Maxson, 
W. L. Trans. Amer. Inst. min. (metalL) Engrs, 1939,134,296-323. The authors conclude 
from a number of trials that: (1) a charge reaches a size eventually where further 
grinding has no effect; (2) the sole criterion of performance is an examination of the 
economics of ti^ process. Efficient grinding is that which creates the most surface 
with least expenditure of energy; (3) in course of grinding, the new surface formed 
per unit of rotation is constant, whatever the size and size reduction. An impact crush¬ 
ing laboratory machine is described in which a test bar is broken by tite falling pendulum 
at the same time as the sample is crushed. The work for each is calculated from blank 
determination and characteristics of the machine. On the basis of Rittinger’s law. 
effidencks in grinding of up to 60% were obtained. [P] 

25. Croshing by Pressure and Impact Bond, F. C. Trans. Amer. Inst. min. (jmetalL) 
Engrs, 1946,169, 58; Tech. Publ. Amer. Inst. Min. Engrs, No. 1895 (8 pp.); Min. Tech., 
1946,10 (1), 58-^. The compressive strengths of 56 Canadian ores are tabulated, the 
most resistant being cl^rt at 80 000 Ib/sq. in. Hie view is expressed that the standard 
crushing strength tests are of little use as a guide to resistance in gyratory and ball 
mills. A better criterion is obtained from resistance to impact. A twin hammer horizontal 
machine is described in which specimen is held between two anvils and broken by two 
falling hammers. The impact strengths of 72 materials are tabulated and a comparison 
is tabulated for crushing and impact strengths of 22 materials, from limestone to 
taconite. The impact machine was used to calculate joules applied per square meter 
of new surface. Cto this basis a ball mill was found to do about 52 joules of useful work 
in producing new surface out of a total energy input of 93 joules per revolution, that 
is, an efficiency of 56%. The miergy input per square meter of new surface on the 
impact machine ranged from 289 to 900 joules for 9 materials, ranging from gold ore, 
cement clinker and pyrites, the iKirdest. More data are required before the relative 
merits of compression and impact standards can be decided. Bond refers to Fahren- 
wald’s ol^rvadon that fibn^ increase with impact crushing. 

26. A New Theory of ConuaahKitioii. Bc»g>, F. C. and WAm, J. T. Min. Engng, N. Y., 
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1950, 2; Tram. Amer. Inst, min, {rmtalT) Engrs^ 187 (8), 871-8. The theories of grinding 
put forward by Rittinger and by Kick are examined and compared. An empirical 
equation is derived from which tbs approximate energy input required for any crushing 
plant can be calculated. Practically all the energ>' required for crushing is energy of 
resilknoe, which deforms the material beyond its elastic limit and is mostly released 
as heat after breaking or release, A new theory of grinding has been developed—the 
strain energy theory. According to this theory', the energy required varies directly as 
(ii+2X«*- 1)M where «is the reduction ratio and is independent of the feed or product 
size; it also varies dirwrtly as the square of the compressive strength, and inversely as 
the modulus of elasticity. According to Kick’s theory', the energy requirement is 
independent of the particle size concerned and is a function of the reduction ratio n. 
According to this tl^ry it is proportional to n/log 2, whereas according to the strain 
energy theory it is proportional to (w-f 2K«—!)/« or almost directly proportional to n. 
The derivation of lack’s theory is based on a stage by stage reduction, while the strain 
eiKsrgy theory is based on a generalized reduction ratio of any value. The strain-energy 
theory assigns a greater proportion of the total energy input to the fine size reductions 
than does Kick’s theory, and thus appears to fit the facts more closely. An empirical 
energy chart is drawn up on a log log scale, showing the energy required to crush and 
grind many different materials in various types of machine. The plotted data, varying 
considerably, however, are averaged by three straight lines representing the energy 
requirements for soft, medium and hard materials, when reduced in machines of 
increasing energy requirements, that is from jaw crushers to ball mills. The relation 
is: h.p./ton= K^nlp, vdiere n == feed size 80% pacing and p =product size 80% passing 
(in indies), iir=0-25 for soft materials, 0*5 for medium and 1-0 for hard materials. 
2 figs, 5 tables. 

27. New Grinding Hieory Aids Equipmeot Selectkm. Bond, F. C. Chem, Engngy 1952, 
59 (10), 169-71. Discusses briefly Bond’s third theory, which assumed that the work 
input necessary to break the rock is essentially that necessary to deform the rock beyond 
the critical strain and form crack tips. The rock splits without the application of 
additional energy. Most of this work is transferred to heat when the stress is released. 
The basic equations involving work index and reduction ratio are given. Laboratory 
te^ to ascertain the work index are described and typical crushing and grinding 
calculations are given. Dry grinding in tumbling mills requires approx, one-third more 
power than wet grinding, and fan power on a dry closed circuit is much more than a 
rake classifier of a wet closed circuit mill. However the metal wear per ton in dry 
grinding is only about one-fifth that of wet grinding. 

28. The TimA Theory of Comininiitioii. Bond, F. C. Min, Engngy N.Y,, 4; Trans. 
Amer, Imt, nun, (meto//.) EngrSy 1952,193,484-^. After reviewing and criticizing the 
theories of Rittinger, Kick and Gaudin, the author puts forward 6 requirements for a 
successful theory. The derivation of the third theory, work index and size distribution 
of ground product, is explained and the theory then stated: ‘The total work useful 
in breakage whkh has been applied to a stated wei^t of homogeneous broken material 
is inversely proportional to the square root of the diameter of the product particles.’ 

, where H^/=work index when P= 100 microns, P^product size at which 

80% passes (vdiether ind^ or microns), AT is a proportionality constant. Examples 
of practical confirmation are given and extensive tables are presented giving work 
indices caioalated from Allis-Chalmers Laboratory tests and also from data given in 
Taggart 11 refs. 

29. W<wk Ihde^ Taheiated. B<»3D, F. C. Min, N, F., 5; Trans, Amer, Imt. 

nm, imeialL) EngrSy 1953,196 (3), 315-6. A table gives the work indices of 57 classes 
dT matedal from which the work input (kWh/ton) necessary to reduce the material from 
infinite size to 80% below a thsecaetkal 100 mkaons, or 67% below 200 mesh can be 
calculated. Equations are also given for calculating the work index as a function of 
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(1) impact crushing strength and specific gravity; (2) rod mill grmdability and skve 
opening; and (3) ball mill grindability and sieve opening. 

30. WTiich is tiie More Efficient Rock Breaker? Bond, F. C. Engng Min, 1954, 
155 (1), 82. From data put fonvard in Rep, Invest, U,S, Bur. Min, No. 4918 (Vernon 
C. Davis), Taconite Fragmentation, June 1953, it is possible to compare efikiencks 
of breaking, explosive v. machine. From calculations based on work index figures. 
Bond finds the mechanical efficiencies of breaking by crushing and blasting are 
approximately equal. Size reduction in an installed crusher costs less than by explosives, 
since the cost of a kWh in dynamite is far more than a kWh in electricity. But fii^r 
quarry breakage by explosives may decrease the size and cost of crusher installation. 
Although the absolute mechanical efficiencies of rock breaking are still obscure, the 
evidence favours higher values since it is difficult to believe that the efficiency of planned 
blasting can be less than 1%. 3 refs. 

31. Vdiimie Chai^ is Plastic Stages of CompresskML Bruxseman, P. W. J, appL 
Fhys,, 1949, 20, 1241. 

32. A Matrix Analysis of Precedes Invc^yBig Particie Assembli^ Broadbent, S. R. 
and Callcott, T. G., Phil Trans. A, 1956,249 (960), 99-123. The breakage of a particle 
assembly is thought of as two processes. Firstly, the machine selects a proportion of 
the particles for breakage and leaves the remainder unbroken. To discover a function 
or matrix describing this selection is to understand the machine operation. Secondly, 
the particle selected is broken in a regular way and the proportion of particles of each 
size formed by breakage are described as the breakage f^unction or a breakage matrix. 
The analysis is also extended to classification and return of oversize. Coal breakage 
has been studied by grinding in a new ball and cone miU, in ball mills and by shutter 
tests, and is presented mathematically from the above method of analysis. Photos. 
14 refs. For later papers see under Coal, and Ball and Cone Mill, and Open v. Closed 
Circuit Grinding. 

33. The Brittle Fracture of Pre-cracked Solids. Brown, R. L. Research, Land,, 1947, 
1, 93. A theoretical consideration of the fracture of pre-cracked solids is shown to 
suggest a relationship between the shatter strength of equal sized lumps and the skve 
analysis of the consignment from whidi the lumps are taken. Experimental cvitoce 
obtained with a friable coking coal is given in support of the theory- 

34. Ratioiial Interpretatiou of Screen Analysis. Brown, R. L. Colliery Engng, 1948, 
24, 295. 

35. Theory of GrkidiDg. Budnikoff, P. P. and Nericrttsch, M. I. Zement, 1929,18, 
194-8,230-3, Discusses conditions that affect crushing effickney. Gives tensile strength 
of some minerals. Discusses partick-size determination by sieves and by settling rate, 
effect of irregular particles on surface measurements, energy necessary for grinding a 
unit weight of solid to gas which might be assumed as the grinding energy theoretically 
required, effect of particle size on chemical action and on fusion with the relation of 
surface thereto, Martin’s dissolution method, and Koehkr’s method of ThO adsorption 
for surface measurements. As the theoretical effickney of grinding is so low it becomes 
advisable to look for other methods of grinding; ek^c fields of hi^ frequency and 
waves of high frequency are mentioned as possible means. Using Martin’s value for 
energy required, the eflSkkncy of a ball mill is not above 0<36%. 

36. Matrix Aiialy^ ci Machines for Breaking CoaL Callcott, T. G. and Broad- 
bent, S. R. Brit, Coed Util, Res. Ass, Document No. CI4BA5, 1955. A discussion of mill 
mechanics leads to the formulation of the theory of bieaka^ processes. The theory 
is developed in matrix notation which greatly simplifies numerical work. The breakage 
processes of a new grinding machine, of two bail mills grinding batches of coal, shatter 
tests of lump coal and ti^ breakage produced by a beater mill have be^ successfully 
analysed by the theory. 
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37, A Staiy of Ccosblig Bdttie Soli^ Carey, W. F. and Bosanquet, C. H. /. Soc. 
Class Tech,^ 1933,17, 384-410, Results of experiinentai work on the crushing of coal 
and anhydrite show that under free crushing conditions brittle solids break down with 
a constant fracture pattern, in^pendent of original size. The work required to crush 
a powder depends on the product of (a) the constant for the material, (b) the wei^t of 
material crushed, and (c) the log of the total mean reduction=log (mean orig. size)/ 
(mean product size), i.e, aperture size. Values indicate that the power actually requir^ 
is about 100 times the th^retical. Experiments were also done in a crusher adapted 
for shear crushing. Results are expressed in terms of energy in kWh/ton necessary to 
cause a reduction ratio of 10. 

38. Cite^ilQg and Grladii^ Carey, W. F. Mech. Worlds 1934, 96, 413; Ckem, Age^ 
Lond.^ 1934, 31, 327. Values shown in table indicate that about 100 times as much 
energy as is theoretically necessary is used. Different methods of applying load, impact 
or shear make little difference. To crush only the lar^t particles will lead to the 
minimum expenditure of power; since otherwise there is overgrinding. It is claimed 
that overgrinding is responsible for the enormous difference between the 30 kWh/ton 
required in practice, and the 0*3 kWh/ton in theory. 

Crushing constants for various 
materials kWh/ton 


Material 

forR.r=10 

Felspar . 

. . 0*354 

Black Oxide . 

. . 0-0185 

Flint 

. . 0-138 

Limespar 

. . 0-144 

Calcined bones . 

. . 0-0076 

Cement clinker . 

. . 0-108 

Carbide . 

. . 0-280 

Coal 

. . 0-05 

Anhydrite 

. . 0-15 


39. CmsiiBg and GhrbidlD^. Carey, W. F. Tram. Instn chem. Engrs, Lond., 1934,12, 
179-84. Previous woik is continued. Compression tests on single pieces, free crushing, 
and on beds of materials are described, including crushing roll experiments. It is shown 
that the various stages of crushing produce a constant fracture pattern, and the crushing 
energy required to produce a reduction ratio of 10 is calculated for a large number of 
materials. 

40. Developiii^ of a Centrifugal Ball MilL Carey, W. F., Robey, E. W. and Hey- 
woern, H. Btgineeringy Land., 1940,149 (3874), 378. An attempted design of a mill for 
Tree crushing*. See under Centrifugal B^ Mill, No. 1324. 

41. Emeacgg Flow Sfeeet iff Milling Practice. Carey, W. F. and Halton, E. M. Trans. 
Instn chem. Engrs^ Lond.^ Nov. 1946,24,102-8. Over 99% of the energy used in milling 
systems is dissipated in heat. Heat balances are tabulated for various kinds of ball 
mill to stow the proportions which went to heating the air, evaporating water, to the 
product itself and to ambient losses. The dissipation of strain energy is discussed and 
the coiKdusion is drawn that whether the energy of fracture is regarded as 1% or 0-1% 
of the energy input, it is very difficult to measure accurately and would not greatly 
influence mill design. See also Chem. & Ind. (Ret?.), 1947, (2), 29-30. [P] 

42. A Method of Assessi^ the Grmdiag Effidency of Indi^trial Equipment Carey, 
W. F. and Stairmand, C. J. Recent Advances in Mineral Dressing, 1953, 117-36. 
Institution of Mining and Metallurgy. The authors have applied the concept of free 
crushing to the determination of the energy rKpiirements for crushing small^ sieve 
graded partides betweaa iron plates under free crushing conditions, the conditions 
being assumed to be the best possible. Although the speed of compression may be 
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from 10 to 10 000 times less than the normal impaa spewis, in view of the economy 
of effort in slow orushing, the r^ults of this laboratory method are regard^ as a 
sound basis for estimating the efficiency of industrial operations. The mechanical 
efficiency of a normal grinding operatiem is equal to: (EP’-EF)IEM, EF and jEFare 
the energies associated with product and feed respectively, as determined h’om free 
crushing tests under compression. EM is the observed oiergy used by th& mill being 
tested. Results are shown for coal (6-0%) ground in a Imli mill, and for quartz (15 
and 35%) ground in a ball mill and harnmer mill respectively. The method of calcula¬ 
tion of associated energ>' at various sizes is explained. The application of the Kick 
and Rittinger laws, although still holding the Md as a basis for calculating energy 
requirements, possesses little or no advantage over empirical methods, that is, simple 
assumptions that 3~4, 5-6, 20-30, 100-1000 kWh/ton suffice for coarse and inter¬ 
mediate crushing, fine grinding and superfine grinding respectively. An Appendix 
shows the method of predicting the power required to rotate a ball mill. 

43. TheCakalatkmc^theConipaiativeEfficieiiciesofCrus^i^aiidGruidliigMa^^ 
Chapman, R. W. Frac, Aust. Inst Min, Engrs, 1909,4 (4), 215; Trans. Aust Inst Min. 
EngrSf 1909,13, 154-7. The author gives formula used by Klug and Taylor (Mon. J. 
Chamb. Min. W. Aust, 31 Jan. 1906). Work done in grinding is proportional to 
Qx^fy\ where x and y are the ori^nal and final diameters resp. Chapman sub^itutes 
for this; work is proportional to Q(n—m), where m and « are the original and final 
mesh size resp. Gives examples, but does not consider material finer than 200 mesh. 
Abstract in Mines & Minerals, Feb. 1910,413-4. 

44. Exi^oitatioii of Low Grade Ores m the Umted States. (Thardes, R. J. O.E.E.C. 
Technical Assistance Mission No. T.A.W/228/(55).l, O.E.E.C., Paris; Doctor’s Thesis. 
Massachusetts Institute of Technology, 1955. Impact studies on fixed end rods. 
Research in tlK field of impact aushing is going on at M.I.T., concerning the n^dium 
of the transfer of kinetic energy of an impacting object to strain energy in an impacted 
piece. For theoretical reasons, and ato on account of experiments reported by 
Johnson, Axelson and Piret, Chem. Engng Frogr., 1949,115 (12), 713, the strain energy 
absorbed by particles during crushing is directly proportional to the new surface formed. 
It may be said that the mass of the impacting object, according to Charles, must stand 
in a certain relation to the mass of the impacted piece for a maximum transfer of the 
kinetic energy into strain energy. 

45. Velocity Impact in Commmiitioii. Charles, R. J. Min. Engng, N.Y., 1956, 
8 (10), 1028-32. Pyrex glass <ylmders were broken on an anvil by falling heavy weight 
at low velocity and by an air-gun projectile at high velocity. The conclusions to be 
drawn from results of experiments are: (1) Hi^ velocity impact produce fracture 
at lower energy than low velocity impact. The number of failures out of ten tests 
increases from 0 at 170 kg cm to 10 at 50 kg cm at low-velocity impacts, whereas all 
10 specimens are fractures by the equivalent hi^-velocity impacts. (2) When fracture 
is actually obtained, energy applied by low velocity or compression loading produces 
a larger size reduction than the equivalent energy at hi^ velocity. (3) The mode of 
fracture, i.e. tl« slope of the distribution curve, is detOTnined by the manner of loading. 
(4) Shattering by high-velocity impact produces a closer sized product than shattering 
by low-velodty impact. Distribution curves show a much higher slope for hi^- than 
for low-velodty impact- They also show the moeasing fineness as energy of impact 
increase, and a very mark^ displacement towards tl^ finer sizes for low-velocity 
impact, ahhou^ for the latter, tlie slope is less, i.e. the spread of sizes is greater. 
Photographs, 4 refs. 

46. Oimhitry of Pine GrMmg. Chwala, A. KoUoidekem. Beih., 1930, 31, 222-90. 
A long comprehensive paper on the properties of fine powders. Various mills are 
described and sedimentation properties of powders are discussed- Data and graphs. 

47. Grlndh^ Tests for Easy Inte r pre tati on of Resiits. Coghill, W. H. and Dhvaney, 
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F. D. Rep. Invest. U.S. Bur. Min., No. 3239, 1934. Grinding studies are of two kinds: 
(U character of the ore, and (2) performance of machine. (1) Size distribution and 
grindability, work transformed to new surface. (2) Performance of machine is com¬ 
pared by size distribution of products, using drop weight tests. It is suggested that for 
grindability, there should be equal amounts through a 200-mesh sieve, but for grinding 
characteristics there should be equal size distribution analysis. 

48. Evaluating Grinding Efficiaicy by Graphical Methods. Coghill, W. H, Engng 
Min. J., 1928,126,934-8. Uses ‘force diagram" to obtain ‘mean mesh’ as a measure of 
advance in a crushing operation. By sieve sizing and surface figures based on size of 
particles the power efficiency is measured. Minus 200-niesh material is considered as 
unnecessary work, and the machine should not be credited therefore. Counts on sieve 
sizes of chert and dolomite from 2-mesh to 60- or 65-mesh check with theoretical 
number of particles; therefore, similar shapes exist in all sizes, and a surface figure in 
proportion to the theoretical for all sizes is allowable. 

49. fnresti^tioiis in Ore MOling to Ascertain the Heat Developed in Creeling. 
Cook, J. Trans. Instn Min. Metal!., Land., 1914-15,24,234-51. Measurement of energy 
input to stamps from weight and drop. Increase in temperature of pulp accounted for 
80% of the energy. Accounts for other 20% as guide friction, sound vibration, radia¬ 
tion, energy’ (velocity) of pulp through screens, deformation of malleable particles, 
surface energy, and electrical energy. In the discussion, R. S. Willows considers surface 
and electrical energy as a result of crushing which would not affect temperature. 

50. Big New Plants Hi^L^t Benefidation Develoimient Crabtree, E. H. Min. 
Engng, N.Y., 5; Trans. Amer. Inst. min. (metal!.) Engrs, 1953, 196 (2), 158-9. A short 
section appraises Bond’s third theory as a real contribution. It has now been extended 
to cover economics, metal wear, dry v. wet grinding, volume of grinding charge, pulp 
dilution, mill speeds, grinding media sizes, and mill diameter. Myers is quoted as 
saying that Bond’s third theoiy will be regarded twenty years hence as the turning-point 
in understanding of what controls comminution. The Bond theory clearly shows the 
weakness of our grinding circuits in vogue today. The relation of the theory to present 
day classification is also referred to. 

5L Taconlte Fragmei^tkHL Davis, V. C. Rep. Invest. U.S. Bur. Min., No. 4918, 
1953. From the data in table 10 and figs 97 and 119, Bond, Engng Min. J., 1954,155 (1), 
82, compares the efficiencies of explosion and machine breakage. 

52. Measaremeiit of Crushing Reastance of Minerals 1^ the S€lax>scope, Dean, R. S., 
Gross, J. and Wood, C. E. Rep. Invest. U.S. Bur. Min., No. 3223, 1934, 33-5. It is 
pointed out that the zone of deformation for metals becomes a zone of fracture for 
brittle materials, and the energy absorbed may be used as a measure of resistance to 
crushing. The method of making the test is described and it is shown that the figure for 
energy absorbed when plotted against the weight of material crushed per unit of work, 
gives a straight line relationship. 

53. Magnetite as a Standard Material fin* Measuring Grindii^ Efficiency. Dean, R. S. 
Tech, Fubl. Amer. Inst. Min. Engrs, No. 660, 1936. 5 pp. See under Magnetic Effects. 

54. Mechanical Efficiency In Crusting. Del Mar, Algernon. Engng Min. J., 1912, 
94,1129-34. Determine the grinding efficiency on Nissen, and gravity stamps, and on 
two grinding miHs by: (I) Surface figures (reciprocal of size x percentage) taking 
-120 mesh (the last sk\'e size) as equal to -120 x 150 mesh, and (2) Stadtler’s figures 
for Kidk’s law. By these two methods the efficiency of the Nissen and gravity stamps 
are about the same, but for the two grinding mills ti^ reverse results are obtained. The 
comparison sirffers by reason of the absence of analysis of the sub-sieve particles. 

55. of die Science of Grfndmg. Djingheusian, L. E. Trans. Canad. Min. 

Inst. (to. Min. MetalL), 1952, 374-82; Canad. Min. MetalL Bull, 1952,45, 658-^3; 

dfecusskm 664. The work of present-day investigators is submitted as grinding criteria. 
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These comprise: (1) power; (2) grindability; (3) 80% passing n. mesh; 0) total 
work input; (5) Bond’s work index as a measure of comparative grinding cfRcfencies; 
(6) work index as a function of grindability; (7) grindability as a function of ‘80% 
passing’. In the last section the concept of thermodynamic oiteria in grinding is offered. 
This concept is not a new one, having already been advanced by some of the previous 
investigators. However this concept is offered as a mathematical law, with the hope 
that its analysis and criticisms by grinding inv^tigatois will finally lead to the laws of 
grinding resting on scientific rather than empirical methods. 19 refs. 

56. The Infiueace of Tempefatae on Gribdiiig EfiSckacy. Djingheusian, L. £. Dept, 
of Mines and Technical Surveys^ Canada^ Res. Rep. No. M,D.I38,2 March 1953, 62 pp. 
Summary and conclusions. (1) High temperatures increase absolute mechankal 
efficiency of grinding. (2) For a given set of circumstances, there is a fixed time of 
contact, for maximum grinding cffideiKry. (3) For given ojnditions, efficiency of 
grinding is a function of the size of feed. (4) Reduction of quartz is practically unaffected 
by temperature. No ‘constant fractions’ could be obtaix^ in grinding quartz. (5) In 
grinding certain ores it was indicated that the relationsliip between mechanical energy 
expended per sq. cm of new surface produced and Bond’s work index is a straight liiw, 
thus indicating the validity of ‘80% passing’. (6) Part of the heat applied externally or 
developed is transformed into useful work. The leseardi is being continued wiffi a 
view to clarifying the concqpt that al^lute mechankal efficiency of grinding is a 
function of the internal heat energy of the materiaL Graphs, illustrations. 

57. The Inffiieiice <^Tmperati&e on ffie Efficieapy of GrMi^ Dungheusian, L. £. 
Trans. Canad. Min. Inst. {Inst. Min. MetaiL), 1954, 57, 157-68. Cemad. Min. MetalL 
Bull., 1954,47 (504), 251-6Z From a series of investigations into the relation between 
power consumption and temperature of the pulp in a ball mill, the author concludes 

(1) that at higher temperatures, the mechankal efficiency of grinding increa^, 

(2) for every temperature at given conditions, there is a fixed time of contact at which 
grinding efficiency is at its maximum ; (3) quartz behaved dMerently from other rodcs; 
(4) the results prove the validity of Bond’s third law of comminution; (5) part of 
the heat applied externally or generated in grinding in an insulated mill is transforr^ 
into useful work, thk being in agreement with the second law of thermodynamics. 
For differences of temperature of about :^=F, the percentage new surface increased 
by from 6 to 19. A large amount of useful data is tabulated for the grinding of various 
ores under controlled conditions. 7 refs. 

58. Ahraskm Resistance and Sivfiace Energy SdMs. Engelhardt, W. von. 
Naturvdssenschaften, 1946,33,195-203; Brit. Abstr., A, 1947,204. Products of abrasion, 
e.g. from grinding wheel^ and surface formation in relation to energy comuinption 
are discussed. A quantitative treatment is attempted. The effect of discontinuities in 
the structure of quartz is discussed and the effects of various fluids on resistance to 
abrasion and crushing are determined. Considerable differences in effect are found. 
Results are presented in tabular and graphic form. 23 refs. 

59. Ban Mill Studies. BL Thermal jDetenaiBatioiis of BaH Mffl Effidaicy. Fahren- 
WALD, A. W., Hammar, G. W., H, E. and Staley, W. W. Tech. FubL Aimr. Inst. 
Min. Bigrs, No. 416, 1931. 13 pp. Since ti^ calculate surface energies for quartz zs 
calculated by Edser and Martin were widely different and probably both too low, it 
was desired by the author to use a method for efficiency determinations which would 
dispense with surface data and surface energy. Efficiencies based on thermal experi¬ 
ments were 7% and 20% as comi^ired with 0*6% and 1*2% respectively when based 
on surface energy of 510 and 920 ergs/sq. cm (for quartz). Efificienci^ from thermal 
experiments were found to be less with wet grinding. Fahrenwald stated that a useful 
step forward in the study of ^ficiencies w’as made when Martin and Gross proved the 
correctness oi Rittinger’s law. 

60. Velocity of HR hi Rock Crn^^. Pts. 1 aai 2. Fahrenwald, A. W., Newtc^j, J. 
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Herkenkkmt, E. Engng Min. J., 1937,138 (12), 45-8; 1938, 139 (1), 43-6. Results 
with a roll cnislier were not satisfactory and were abandoned in favour of drop weight 
tests. It was found with the latter that ibc rate at which ci^rgy was imparted to 
particle has a large influence on the nature and extent of crushing, A light hi^-velocity 
blow does more crushing than a heavy low-velocity blow of tl^ same kinetic energy 
and produces a product of more unifo rm si 2 e. As the velocity increases the maximum 
of the distribution curve moves towards the finer sizes. Very high veloaties tend to 
produce very large amounts of fines. Ottawa sand was used for the experiments. 

61. AMethodofPredictlQgthePerfonBaiiceofCoinnieitsalMiilsintlie^ 

€i Brittle Materials. Fairs, G. Lowrie. Bull. Inst. Min. MetalL, 1954, 63 (5), 

211-40. A method is described for predicting the performance of a series of commercial 
grinding mills: 10-in, batch ball mill; swing hammer screen discharge m i l ls, coarse 
and fine; fix^ beater air attrition mill with static classifier, the reduction being ^umed 
to be mostly by attrition between particles. The results over a range of operating con¬ 
ditions were comimred with those obtained from a laboratory impact crusher (vertical 
with soft metal support) operating under free crushing conditions, and in each case 
the net energy input to new surface relationship was found to be linear except for later 
stages in the run of the batch ball mill where the curve turned towards the energy axis. 
The plots pass through the origin and the gradients of the lines give a measure of the 
effidend^ of the mills. The relative mill efli<^ndes are in the same ratio for the three 
brittle sul^tances examined, i.e. limestone, barytes and anhydrite. The ratios of the 
fineness indices, i.e. sq. cm/g of ground product are the same for the series in the case 
of each material. This means that given a laboratory test on a unit impact crusher for 
a new brittle material, the energy to surface ratios and the order of fineness can be 
predicted therefrom for commercial mills in the series. For rock salt which is subject 
to plastic deformation, the linear relationship was found but the relative performances 
of the mills were not in the san^ order as with the other materials. Rock salt becomes 
hygroscopic. Efikaendes of grinding were determined on the basis of associated 
energies, i.e. energy to surface relationships compared with the unit crusher: 

Swing hammer mill, coarse . 20-30% 

Swing hammer mill, fine . 5-10% 

Ball miU.10-13% 

Air attrition mill . . . 4% 

The author tabulates data for 7 mills with the four materials already used, to show how 
observed eflBkaendes ranging from 4 to 88% compare with those calculated from 
thecnetkal surface energies. He also tabulates the sources of information and methods 
for surface energy calculations for the four materials to show the enormous variation 
from various sources, and how this variation in the case of rock salt, from 77 to 
3560 ergs/om, can affect the theoretical efiSdency of mills, 0*5-32%. The usual 
theoietksd eflSkrkrKy however is less than 1%. (Permeability method was used for 
surface area.) 

62. Ihe Swfsice Diag^. Gates, A. O. Engng Min. 1913,95, 1039-41. 

Wscusses both Rittinger and Kidc laws, the use of crushing surface diagram for 
crushing results, cyanide extractions, and cement plant work. Calls attention to the 
large part that -ioo mesh material plays. 

63. Aj^E^katioiis of the Croshmg Surface Diagram. Gates, A. O. E^ng Min.J., 1914, 
97,795-800- Its use to depict tl^ action of various crushing devices and the effect of 
leadiing in cyanMation and in cement and concrete is described. 

64. Ah Investigation Cnssi^ Pfeenom^ia. Gauden, A. M. Trans. Amer. Inst. min. 
{metaU^ Engrs, 1926, 73, 253-316. Deals in a comprehensive manner with the size 
distribution curves for products from crushing rolls and ball mills. Ihe work was 
uridertaken to condense information into rules which would be of use in developing 
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a theory; the following condusions appear justified: (1) rodcs may be classified into 
homogeneous and heterogeneous materials; (with tte former, fracture takes place 
through grains and grain toundaries); (2) if a sized homogeneous material is crushed, 
the size distribution of the product follows a definite law ; (3) ball milling of homo- 
^neous rocks can present exceptions to rule 2; (4), (5), (6) deal with the critical ratio 
of feed to ball size and the effects on size and shape of grains, when this ratio is departed 
from in bail milling; (7) different methods of crushing produce grains of different 
shapes; (8) the importance of sizing the -200-mesh portion of a crushed product 
in crushing efiSciency investigations, has been greatly underestimated. Discussion. 
Graphical representation of experimental results in size analysis. Comparati\e tests 
between bench and large-scale tests have given efficiencies from 6 to 25%. 

65. Prmdi^ Commiuotioii—^Size and Sinface DistiiSbutioii. Gaudin, A. M. and 
Yavasca, S. S. Tech. Fubl. Amer. Inst. Min. Engrs, No. 1819, 1945. An experimental 
determination of the surface factors of glass, galena and p>Tite has been made. The 
crushed samples were screened, cleaned with HCI soln. w*ashed with distilled water, 
dried and examined under the binocular microscope. The results In all cases show that 
in the fine sizes (i.e. 301.M.M. and upwards), the area of the i^w surface obtained by 
grinding is the same in each grade, i.e. sieving grade. This agrees with previous experi¬ 
ments on quartz. See Tech. Fubl. Amer. Inst. Min. Engrs, No, 1779, Nov. 1944, by 
Gaudin. 

66. Princi{^ of Mmoal DressiDg. Gaudin, A. M. 1939, McGraw-Hill Publishing 
Co. In Chapter 6, the author has precisely stated the amplified form of Rittinger’s 
theory: ‘The efficiency of a comminution process is the ratio of the surface energy 
produced to the kinetic energy expended.’ Computations using the best available values 
for surface energy indicate that perhaps 99% of the work put in is wasted. 

67. Micro IhdeEitatioii Hardness. A New DefinitioD. Grodzinski, P. Industr. Diam. 
Fev., 1952, 12, 143, 209-18. The defects of present hardness ckfinitions are discussed 
and a new definition is suggested, i.e. that hardn^ be defined as the load whidi causes 
a deformation of unit length or depth. A special apparatus is suggested and correlation 
with conventional hardness formula has l^n calculated. 

68. Efficiaicy of (binding Mills. Gross, J. and Zimmerley, S. R. Rep. Incest. U.S. 
Bur. Min., No. 2948,1929. Gives the crushing resistance of galena, sphalerite, pyrite and 
cakite in relation to quartz, based on surface produced imder accurately measured 
work input. [P] 

69. Effioency of CrnidiBg MSIs. Gross, J. and Zimmerley, S. R. Rep. Invest. U.S. 
Bur. Min., No. 2952, 1929. 23 pp. Giv^ method for determining surface on ore by 
comparing sieve sizes and elutriation products with quartz, surface of whidi has been 
determined. Results given show over-all and usefifi efficiency of ball mills. Gives 
classifier efficiemfies and discusses —200-medi material. A large proportion of work 
goes to useless grinding. 

70. CnidiiEigaiidCi'mdiDg.L llie Sfa^ceMeasmeiiientc^QiiartzI^rtides. Gross, J. 
and Zimmerley, S. R. Trans. Amer. Inst. min. {metall.) Engrs, 1930, 87, 7. The rate of 
solution of surface in hydrofluoric add is detennined by extrapolating the curve-time 
v, quantity dissolved-to zero time. Surface measurements were also made by coating 
th& particies with silver, the quantity being measured then by chemical means. The 
surface as detennined by silvering was foimd to be I -3 times the calculated spherical 
surface for watCT-wom Ottawa sand. 

71. CnisidB^ and Gnudlog. XI. Rdatkm between file Measiwed Smfaee of Crai^Kd 
Quartz to Sieve Seizes. Gross, J. and 2iMMERiJEY, S. R. Trans. Amer. Inst. min. (metal!.) 
Ejigrs, 1930, 87,27. The surface determinations of closely graded fractions of crushed 
sand by the various methods are summarized for two extreme sizes. For 150/200 mes^ 
size the solution and silvering methods gave 21 and 1*9 times respectively the value 
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for spl^res. For f-mesh size the values were 8*5 and 2-4 times the value for spheres, 
respectively. It is concluded that the silvering method is the more accurate and that 
the solution method includes internal surface of the particles. 

72. Crashing and Grinding. HI. Relatioii of work Input to Surface Produced in 
Cnisiimg Quartz. Gross, J. and Zimmerley, S. R. Trans. Amer. Inst, min, {metalL) 
Engrs, 1930, 87, 35. Impact tests were made on 10-14- and 20-28-mesh fractions of 
crushed quartz, the energy not actually absorbed in crushing being measured by the 
deformation of three pieces of aluminium wire supporting the anvil. The hei^t of 
rebound of the impacting steel ball was also used as a measure of the excess energy. 
Rate of solution method was used to measure surface area. The increase was found 
to be close to 17*5 sq. cm/kg cm for various intensities of impact. This represents an 
efficiency of 3%, if based on Edseris figure for the surface energy of quartz of 920 
ergs/sq. cm. 

73. A Device for Determlnu^ Work hiput to a Laboratory MilL Gross, J. and 
Zimmerley, S. R. Rep, Invest. U.S. Bur. Min,^ No. 3056,1931. A simple type of torsion 
dynamometer is described, for measuring the power input to a small ball mill. The 
torque is measured by the extension of three springs placed between two discs, one on 
the mill shaft and the other on the driving shaft. The speed factor is measured by a 
differential integrating meter. The two meters are combined to give a direct reading 
of tl» power to the mill. Details of design are given. 

74. Siraixtiazy of InvestigatMMi m Work in Cmsbing. Gross, J. Trans. Amer, Inst, 
min. imetall.) Engrs^ 1934, 112, 116. Within the last few years study of the energy 
used in crumbling h^ advanced from perplexing confusion to greater clarity. The 
Rittinger theory that energy required in successive steps in reduction increases geo¬ 
metrically appears to be established. There are still needed a simple direct method of 
determining surface on a crushed product, a simple and accepted elutriation or sedi¬ 
mentation test for —400-mesh material and investigation of new means of accomplish¬ 
ing comminution. It is considered that the energy required to produce fracture will 
be less with rapidly applfed loads, and references are made to the advantages of 
explosive shattering. 128 refs. 

75. and GrindiDg. Gross, J. Bull. U,S, Bur. Min,, No. 402, 1938. 148 pp. 
Aithou^ crushing and grinding madiinery has been brought to a hi^ pitch of develop¬ 
ment medianically, corresponding advance has not been made in regard to theory and 
the conception of underlying principles. This lack of advance in theory may be attributed 
to the unfortunate situation resulting from the controversy as to whether the Rittinger 
or the Kick law is applicable to crushing. Many pages of the technical literature are 
devoted to theoretical discussions in favour of one or the other of these laws, which 
have toded to cloud rather than to clear the atmosphere. It was realized by various 
Ix)dies in the U.S.A. that a thorough study of the laws of crushing was of the highest 
importance and in 1924, the U.S, Bureau of Mines inaugurated investigations on 
crushing at its Intermountain Experimental Station at Salt Lake City, The results of 
the earlier part of this work, carried out by S. R. Zimmerley, S. J, Swainson and J. 
Gross, have been published at various periods, but are reviewed in the present paper, 
wth additional comments warranted by subsequent developments. The Bulletin 
discusses the tibeory of crushing and grinding in relation to present-day discoveries 
and developments and considers the various appliances from a theoretical basis. In 
regard to the Kick v. Rittinger controversy, it is pointed out that the work of the U.S. 
Bureau of Mii^ and of G. Martin, in viich surface determinations of the crushed 
materials confirmed the Rittinger law, would seem to be final. The subject matter is 
dealt with under 13 main headings. 142 lefs. 

76. tsi Energy in Oro^mig. Hancock, R. T. Min. Mag,, Land,, June 
1932. Discloses the work of otl^ investigators on the energy consumed in crushing. 
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??• Effects of Griiodabiiity or Particle Size DistributioR. Hardgrove, R. M. Tram. 
Amer. Inst, chem, Engrs, 1938, 34, 131; Ceramic Abstr.^ 1940, 19, 20. Knowing the 
grindability and specific gravity, an approximate estimate of the surface area can be 
made for a given screen size. See wider Grindability. 

78. Siiigle Crystals Witibout Di^kicatioiis. Hardy, H. K. Research^ Loud., 1955, 
8 (2), 57-^. Strength of ‘whiskers’ of pure metals. See under Mechanism of Fracture. 

79. A Contributioii to the Kkk yersus Rittinger Dispute, Haultain, H. E. T. Tram. 
Amer. Imt. min. (metalL) Engrs, 1923, 69, 183-97; Bull. Univ. Toronto Sch. Engng 
Res., 1924, (4), Sect. 4. Gives experiments made in rolls which show that most of the 
energy required in rock crushing appears as heat, but surface formation i^lf does not 
generate heat. Doubtless the energy absorbed in the formation of surface is in accord 
with the Rittinger law, and the heat must be due to friction. Energy curves, plotted 
according to Rittinger and Kick, do not check with the actual energy, and a new 
formula is proposed. Results are based on sieve sizing, assuming a figure for 200 mesh 
of approximately 35 microns average size. ‘The energy required for the actual process 
of crushing (disregarding losses in the machine itself) is absorbed mainly in three ways: 
(1) Actual formation of new surface or final rupture; this is a small part of the total 
energy. (2) Internal friction accompanying the distortion prior to rupture. (3) Surface 
friction of particles on particles and of particles on crushing surface.’ 

80. Fartide Size and Wcxk of DhrisioR Materials in file Three States of Aggr^- 
tioiL Henglein, F. A. Chemikerztg, 1944, 68, 23-5. Assuming that the physical work 
{Ap) involved in subdividing any material equals tl^ increase in its surface energy, the 
value of Ap for liquids and gases, compact solids of any shape, and porous solids can 
be expressed by Kl/^ 2 )-(lM)]/y/^>\ where di and dz are the initial and final particle 
diameter or length of edge, s is the mean sp. surface energy, y the sp.gr., / a const, 
factor dependent on the particle shape (6 for spherical or cubic particles), and d is a 
porosity factor (1 with zero porosity). 

81. The SiBtus of Research or Ore Dressing. Hersham, E. A. Report to the Milling 
Committee of American Institute of Mining and Metallurgical Engineers and U.S. 
Bureau of Mines, 1923. A complete report on the needs for further research in crushing 
and grinding. 

82. Measuranait of file Woric m Cmfiiiiig. Hersham, E. A. /. Franklin Inst., 1923, 
196,95-104. Voices need for a means of determining the accomplishment in crushing 
and plea for the Rittinger law. Stresses the necessity of measuring heat. 

83. Rerkw file Iffeiatore or the Grladhig dt CoaL Heywood, H. Combustion 
Appliance Makers Association Document No. 1657, 1938. 122 literature references 
are annotated and dassified, and preface are given to the five main sections. A large pro- 
portiOT is reproduced in the present bibliography. C. A-M.A. has now given place to 
the British Coal Utilization Research AssodatioiL 

84. Api^katHMi of Sizh^ Analysis to MO! Practice. Heywood, H. and Pryor, E. J. 
. Bull. Imt. Min. MetalL, Land., All, 1946,18 pp. A particle tends to slide on its broadest 
area rather than present a minimum cross-section to a screen, and consequently 
partide shape is a determming factor in screen eflSdency. As a r^ult of many shape 
msasuxsmsBis it is permissil^ to assume that many parfides may be represented by 
a mean shape, with a length to Ineadth ratio 1-2 to l*5:I-6 to 1*8. A table giv^ the 
surface area per gram of material for 150-200-mesh screened fraction, from which 
is deduced the amount of energy required to produce any size of partide. Grinding 
eflSdency has been improved by the study of ball-ratio, dosed circuits, control of 
dassifier and mill density, speed of mill, dweUing time in the mill &c. Laboratory 
tediniques used in sizing are screening, wet and dry, and equivalent sieves. Diflicuity 
is encountered with the former method with near-ir^h iwtides, aiKl in the latter case 
fine partides are somethnes designated by an equivalent skve mesh vMch it is 



88 


CRUSHING AND GRINDING 


impossible to manufacture in fact. Methods of detennining sub-sieve smface measure¬ 
ment are indicated, although not in detail. Laboratory control in a mill is needed to 
indicate day to day consistency. Tli« weakest link in the sampling chain is the human 
element, and hand work should be reduced to a minimum. In sizing analysis the sub¬ 
sieve composition can provide an important controlling factor in relation to grinding 
cost and concentrator efficiency^. While the constituency of a mill pulp remains largely 
unknown as regards fractionation, an important variable will continue to escape 
control. The author presents a table giving the distributions by weight and size of 
ground silica in comparison with surface area for the fractions. Data for particles 
below 2 mu were found by extrapolation, Rittinger’s law being assumed. Four types of 
energy loss in large scale grinciing are: mechanical, heat, overgrinding and by un¬ 
recorded development of cracks. 

85. Some Notes on Grinding ReseardL Heywodd, H. J. imp. Coll. chem. Engng Soc.^ 
1950-1-2, (6), 26-38. The relation of crushing tests to the primary and secondary (and 
possibly tertiary) size components of the product is discussed and illustrated. The 
relation between time of grinding and energy surface relationship is discmssed, current 
views on energy balance are presented, and certain research needs are put forward. 

86. Prmdf^ of Crn^iing and Gdnding. Heywood, H. Chemical Engineering 
Practice^ VoL 3, Chap. 1, pp. 1-23. Butterworths Scientific Publications, 1957. Theories 
of the mechanism of aushing and grinding. 34 refs. 

87. Fimdamestal Laws of Pnherizaag. Hchbnig, F. Forschmgsh. Ver. dtsch. Ing., 378, 
1936 (20 pp.); Engng Abstr., 1936, 69, 44. Discusses the Kick and Rittinger laws and 
surface irregularities in relation to measured surface. The various methods of testing 
the strength of materials, the order of effectiveness of the methods and the effect of 
the material structure are considered and experimental work in support of theories 
is described. A summary of the results of experiments on compression and impact 
tests on crude and calcined magnesite, granite and basalt shows that the actual energy 
of crushing is intermediate between the requirements of Kick and Rittinger law. 

88. Grindk^ hsvesti^tkm on Caoiait Mmtar and Brick. Hoenig, F. Verfahrens- 
techniky 1937, (I), 21-6. After referring to the difference between the physical and the 
mechanical energy required and used for breaking, investigations on cement and brick 
cubes are described, in which the influences of amoxmt of work applied, the weight of 
the falling hammer, and mechanical composition, on the results of crushing are 
separately determined. It was found that at the same total energy a smaller weight 
from greater height had a slightly greater crushing effect than the reverse, but no 
significant difference was observed between the results of pressure crushing and 10 
and 15 kg cm/cu. cm blows. While the cementing material was affected by the smaller 
impacts, quartz grains were affected by the larger impacts. For the two materials 
tested, the results bore out the Rittinger law. In 1936 the author {Forschmgsh. Ver. 
dtsch. Ing.^ 378) had found that the results from hard materials such as granite, basalt, 
supported Kick’s law. (The finest product from the cement mortar was of course that 
of the sand particles used.) 

89. On the Re|)tig:« of Ircm a Blow. Hopkinson, J. Proceedings of the Manchester 
literary and Philosophical Society, 1872, 11, 40-5; Collected Science Papers, 1901, 2, 
316-9, Cambridge University Press. From experiments on the breakage of elastic iron 
wire by a falling weight attached to one end and allowed to drop, the author inferred 
that breakage does not depend on the mass, and demonstrated that original impact 
stress depends on impact velocity. 

90. Famctioiis of Gramtoii^ Hurno, G. F. Mh. Chem., 1953, 84 (2), 

272-7. The results of granulometric analysis are presented as six functions of grinding. 
These are: throughput diaiacteistic, frequency, mill flow, reduction movement, 
milliiig characteristic, formaticm charactOTStic. The application of statistical mechanics 
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to grinding processes is discussed and emphasized. See also Benar Vortrag auf dem 
Europaischen TrefFen fiir Chemische Tech^k. Frankfurt am Main. 21 May 1952. 

91. The Significance and MerpretatioD ei ComnikiQtioo Procetee and Size Distri- 
butloiL HmnG, G. F., Ebersold, W. and Sales, H. Rmkx Rdsch,, 1953,9-11,489-93. 
A series of functions is determiiBsd, based on sieve analysis, from which the character¬ 
istic qualitative and quantitative features of the grinding process are evaluated. In the 
case of quartz sand, the mechanism of ‘fragmentation’ prevails, while for talc 
the mechanism of abrasion is domiDant. A simple formula is put foward to express the 
relative probability of a particular size in a ground product: H^dD}dx==^f{xX where 

passing characteristic, jc-particle size, jEf= probability factor. 

92. The Grmding of Powders. Jager, F. Tech, /Tjod., 1947, 39, 357; Chem, Abstr,, 
1948,42,1767; Build, ScL Abstr,, 1948,21,132; Rev,gin, Caoutch,, 1948,25. (1) Study 
of crushing by slow pressure with an Amsler 100-ton machine. (2) Grinding by ball 
milL The slow application of high pressure with a 100-ton Amsler machine to sand or 
cement in a cylinder further decreased the partide size, and more efikiently than by 
normal milling methods. The effect on the compressive strength of cament is discussed. 
Tests with 2*6 kg steel bails falling through 1-2 metres indicated that maximum 
instantaneous average pressures of 23 000-28 000 kg/sq.cm were readied at the 
contact with a flat steel plate. It is concluded that present methods of crushing cmild 
be improved by progressive crushing and not by impact. 

93. Defonnatkm and Strength of Crystals. Jofee, A. Z. Fhys,^ 1924, 286-302; Pto- 
ceedings of the International Congress on Applied Mechanics, Delil, 19^, 64. Working 
with single crystals of rodk salt, the author found that the ultimate strength when tested 
in air at room temperature was only 45 kg/sq. cm. If a similar specimen is tested in 
hot water, it reaches a yield point at a stress of 80 kg/sq. cm, and then stretches 
plastically, finally fracturing at a stress of 16 000 kg/sq. an, wfakh is not far fitwn the 
theoretical stren^ of 20 000 kg/sq. cm as calculated by F. Zwicky, Phys, Z., 1923, 
24, 131. Ttese experiments demonstrated that the smoothing effect iqxm the surface 
of the test piece has a great effect on tensile strength. X-iays were used for the observa¬ 
tions of structure. See also King and Tabor uiukr Mechanian of Fracture- 

94. A Study of Rediictioa by Roller Mils. Khused, S. D. C.R. Acad, ScL U,R.S,S, 
{DokL Akad, Nauk SJS,S,R,), 1953, 88, 449-52; Translation by O.T.S., U.S. Dept. 
Commerce, Tech, Rep, No. 22. The deformation of particfes between serrated roUm 
and the character of the resulting prodiKrt is studied and illustrated. 

95. CcBitributloa to the Knowied^ of the Mediaiiics of Soft Materiais. Kick, Fn 
and PoLAK, F. Dinglers 1877, 224, 465-73. A pictorial, geometrical and short 
mathemat ical analysis of the deformation of soft bodies under load. It is concluded 
that the law of deformation is the same for all those bodfes in which the particles can 
be made to slide or flow under pressure. The main difltoiity encountered in proving 
this thesis is the at tainme nt of similarity and uniformity in the specimens to be tested. 
See Atomic Energy Research Establishment Library Translation 738, 1956, by F. 
Hudswell, 

96. Coi^rihiitioii to the Knowledge the Mechaxdcs of Soft Materials. Kick, Fr. 
and PcttAK, F. Dinglers 1879,234, 257-65, 345-50. The autlmrs have formulated a 
law, based on expeiimenti evidence, whidh states that the amount of deformation is 
proportional to the energy applied. They then show that the pressure required for 
simitar deformation of similar shaped bodi^ of similar material is proportional to the 
cross-section area of these bodks. A geometrical analysis is presented with defor¬ 
mation diagrams. See Atomic Energy Research Establ^fament Library Translations 
739 and 740, 1956, by F. Hudswell. 

97. CmdrflNitioii to the Knowiei]^ Brittle MaterteR Kick, Fr. Dinglers 1883, 
247,1-5. Following previous work, the law already enunciated for the deformation of 
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soft materials is now shown to embrace the fracture of hard materials. Evidence is 
obtained from the results of experiments on the energy required for fracture (by falling 
weight) of stone and cast iron pellets or balls and of glass spheres and cylinders. See 
Atomic Energy R^earch Establishment Library Translation 741,1956, by F. Hudswell. 

98. Hie Law of Proportioiial Re^stance and its AwpIicatkKi to Sand and Exidosions. 
Kick, Fr. DmglersJ,, 1883, 250, 141-5. Kick’s law is again enunciated. The amount 
of deformation or fracture of materials similar in physical properties and shape is 
proportional to the amount of work applied. The law is based on experimental evidence, 
and single specimens are referred to. The extension of the law to the deformation of 
sand heaps by applied loads and of the deformation of materials by explosives is 
demonstrated in the present paper. See Atomic Energy Research Establishment 
Library Translation 669, 1956, by F. Hudswell. 

99. Recent Results of Fine Grinding. Kiesskalt, S. Z. Ver. dtsch, Jng., 11 Ort. 1955, 
97 (29), 1009-11. From experiments with a model ball mill, and with determinations 
of friction and lifting fractions of the input energy to the charge, it is found that the 
1867 Rittinger law for energy input based on the weight of the material is not valid. 
For brittle materials, it is demonstrated that the energy input is in proportion to the 
square of the specific surface. 

100. Minmg and Dressuig of Low Grade Ores. Kihlstedt, P. G. O.F.F.C. Technical 
Assistance Mission, No. 127,1952,0.E.E.C., Paris. Obtainable from H.M. Stationery 
Ofike. In th& discussion of M. Murke’s paper at the Swedish symposium. Prof. Kihl¬ 
stedt regarded his own ‘classification quotient’ K=Kgo x 5' as a measure of the coarse¬ 
ness of the product, K being a dimensionkss figine equal to the specific area in cm^/cm^ 
multiplied by the partide sire at 90% passage in cm. It actually represented the ratio 
between the maximum sires and die average sizes of the product. Thus the more 
efficient the classification the lower is K, which should be as low as possible for the 
purpose in view. Since the surface area produced is proportional to the kWh used, the 
surface produced per kWh and the classification quotient would enable the ore dresser 
to determine the size of the equipment required, sinc» it is possible from these data to 
c^culate the maximum sire of every product for different kinds of comminution. For 
paper by J. Murkes, see under General Papers, Crushing and Grinding Practice. 

101. Apparatus for tibe Measiaraieiit of Hme of Impact. Kirby, P. L. Brit J, appL 
Phys,, 1956, 7 (6), 227-8. The time of impact of a freely falling 8 mm steel spi^re on 
a solid *‘P 3 rrex” glass slab is naeasured eiecOically without direct connection to the sphere 
and is found to be 18 microseconds at room temperature and within 10% of this value 
at 700®C. Above this range of temperature the absorption of fractional impact en^gy 
increases considerably, and rebound is zero at 1000°C. lih& ball passes through an 
insulated ring close to the glass surface and coimections to the ring and crucible enable 
an oscilloscope tr^ to show the time of impact. The rebound is measured on a vertical 
scale. 

102. Hie Significance of Compacted Matenab (Concrete, Bricks) for Researdi on 
Grmdli^ Processes. Kc^ascHUTTER, H. W. Verfahrenstechnik, 1937, (1), 5-6. Since so 
many industrial materials requiring crushing consist of partides artificially chemically 
and mediankally bound, the suitability of such materials as cen^nt mortar and 
coaoete for aushing investigations is disossed. See investigations by F. Hoenig. 

103. Defonnation cff SoIMs. Koster, J. Pep, Invest, US. Bur. Min., No. 3223, 1934, 
pp, 15-18. Considers breakage math^natically. Shows that energy required in breaking 
(metals) <kpends on the rate of loading and that the faster the loading, the smaller the 
energy required. 

104. Grading FrMesm in the Craent Rriustry. Kuhl, H. TonindustrZtg, 1949, 73, 
29, 63. See under Cement. 

105. Ihe Motiml Gradmg of SoiMs. Kuznetsov, V. D. /. tech. Phys. Moscow 
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{Zh. tekh. Hz.), 1952,22 (9), 1409-28. This is a mathematical investigation concerning 
the structure of solids and energy of grinding. Data are presented which attempt to 
correlate breaking energy with chemical formulae or crystal structure. 13 refs. 

106. The Smface Energy of Solids. Kvzsbtsov, V. D. Gosudarstvennoe Izdatelstvo 
Tekhniko-Teoreticheskoi Literatury, Moscow, 1954, 213 pp. English translation from 
the Russian, 1957, H.M. Stationery Office, 8s. 6J. net. The aim of the bwk is to link 
several phenomena, which take place during the failure of brittle materials, with the 
aid of a single property—surface energy, so that with the knowledge of the one 
phenomenon it may become possible to predict tl^ others. A further aim is to describe 
existing methods of determining surface energy of solids and to discuss a number of 
unsolved problems in this field. 104 figs, 56 tables. 121 refs; includes 34 to the author’s 
previous publications, 20 to those of Rehbinder, and 9 to publications in English. See 
also under Abrasive Grinding and Grinding Aids and Additives. 

107. On the Results of Tests conducted on Crabbers. Lazar, J. Epitponyag {Building 
materials\ 1954, 6 (2), 64-76; Hungarian Technical Abstracts, 1954, 6 f4), 128. Tests 
proved that the size distribution of crushed product conforms with ordinary (Gauss) 
distribution curve. The figure is so completely uniform that the entire curve is deter¬ 
mined by a knowledge of a single point, e.g. maximum grain size of pile. The power 
requirements for various materials aje determined. If material is crushed to various 
grades by changing crusher setting, the power requiren»nts may be graphically 
determined by Rittinger’s law from the size distribution curve. 

108. Phyidcs of the Cra^biiig Process and Me^^aalcs of Jaw Crullers. Levenson, 
L. B. Mech. Constr., Moscow (Mekhan. Strait,), 1954, 11 (1), 27-31. A critical review 
is presented and the recent hypothesis of T. I. Mukha is discussed. 

109. SkfflK TheOTetical Caknlatioiis of the Physkal Properties of Certain Crystals. 
Lennard-Jones, J. E. and Taylor, P. A. Froe, ray, Soc, A, 1925, 109, 476-50S, The 
vali^ of compressibility, elasticity, and other constants of certain crystals of rock salt 
type are calculated and compared when possible with experiments. 

110. Grindii^ Re^stance of Varioiis Ores. Lennox, L. W. Trans, Amer, Inst, min, 
imetalL) Engrs, 1919, 61, 237-49. Figures work on ‘mesh-tons’ according to the 
Rittinger law. The -200 mesh is estimated by assuming the material in feed below 
200 mesh has the same ‘mesh-tons’ as tl^ same percental of finest material in the 
product. 

111. F fwiiiam enfeife of Cklnding. McLaren, D. C. Conod, Min. J., 1943, 64, 705-11; 
1944, 65, 153; Mon. Bull. Brit. Coal Util. Res. Ass., 1944, 8 (5), 151. A dis^sion of 
the theory and practice of modem grinding. An accurate method of distinguishing 
the disintegration required is to define it as to: (1) me^ size, (2) unlocking of particles, 
(3) new surface produced and (4) size modulus. Factors affecting the disintegration 
are classified, and each is briefly discussed. 

112. Qi Metallic Crystal Agg^regates. Maier, C. G. Trans. Amer. Inst. min. 
imetalL) Engrs (Metals Division), 1936, 122, 121-75. The author discusses the ener^ 
relations of crystal aggregates and the possibility of determining the energy stored in 
crystals, with reference to calcite. Virtually no data are available on the time-load- 
deformation relations of rocks and mii^rals. Extensive work has been done, however, 
on metals and the author’s work indicates that even when fracture does not occur, 
the Rittinger law applies over a considerable range of deformation; that is, the internal 
surface as measured by coercive force, is proportional to the energy used in deformmg 
the metal, as indicated by its density. Apparently, therefore, the energetics of n»tal 
deformation and mineral crushing are similar except that in metal deformation 
surface formed is not a fracture surface but an internal surface (glide planes, giain 
boundai^). 

113. Researdies on tiie Theory td Flae Grindir^ 1. Laws Gomning the C<weclioii 



92 CRUSHING AND GRINDING 

hetmm tlie Niasber PRrtkies ami Dkuneter in Grinding Crumbed Sand. 

G., Blyth, C, E. and Tongue, H, Trans, ceram. Soc., 1924, 23, 6I~1I8. Statistol 
diam^r, mean diameter and frequency curves aie defined. The size distribution 
repmented by the frequency cur\"e dNldx is equal to A concept is given to the 
breaking dovm of particles in equal ratios, i.e. each grade is a scale reproduction of the 
preceding grade. An air elutriator is described for the preparation of graded samples 
and data for tube mill experiments are given. The influence of the magnifying power 
of the microscope on the observed frequency of the finest particles is discussed. 

114. Ckexnisliy erf Fme Grindii^ Martin, G. Industr. Chem. Mfr,, 1926, 2, 409. 
Abstract of paper read before the British Association at Oxford, Aug. 1926. Fine 
powders were found to behave in many respects like fluids. Experimental work on 
sand showed: (1) Surface produced is accurately proportional to the work done, this 
being due to the constant nature of molecular attraction. Substances difficult to 
volatilize are also difficult to grind. From this and recent determinations of molecular 
dimensions, the absolute efficiency of a tube mill may be calculated at about 1/15 of 
1%. (2) Number of particles increased with decreasing diameter. (3) The average 
shape remains the same, large or small. (4) In ground sand, the distribution of particle 
sizes follows the law of probability. 

115. Theory of Fine Grnidiiig. II. Method f<»- Detamiim^ Accurately the Surface of 
Crm^sA Saad Partides. Martin, G., Bowes, E. A. and Cristelow, J. W. Trans, 
eeram. Sac., 1926, 25, 51-6; Brit. Abstr., B, 1926, 903. The surface is determined by 
loss in wei^t of cni^d sand for one hour in hydrofluoric acid as compared with 
similar treatment of a measurable surface of quartz. (This work, together with the 
results of the work of Gross, Zimmerley and Swainson in 1925 on surface measure¬ 
ments, would seem to be a final confirmation of the Rittinger Law.) 

116. Theory of Fme Griuding. m. The Relatkm betireeii the W<xk Expaided and tbe 
Surface Pro&M^ in GrindiEi^ Sand. Martin, G., Bowes, E. A. and Turner, F. B. 
Trans, ceram. Sac., 1926, 25, 63-78; Brit. Abstr,, B, 1926, 903. This is determined by 
grinding a given weight in a ball mill for vaiying periods, measuring the power con¬ 
sumption electrically, and the surface by the hydrofluoric acid method (in II). Results 
show that surface increase is proportional to work done. The author draws a parallel 
between the surface increase of a solid and the surface tension of a liquid. The work 
done per square foot of surface increase varied in a number of experiments from 59 -7 to 
62*6 foot pounds for l-in. balls and 45 foot pounds for J-in. balls. The cushioning elBfect 
of dust in extremely fine grinding is avoided by an air stream. The grinding efficiency 
was therefore 1/16 of 1%. The dead load was found by filling the mill with concrete 
blocks. The ratio of power empty to power loaded was 0*24 at 43 rev/min and 0*35 at 
54 rev/min. The surface energy of quartz was calculated from the latent heat of evapora¬ 
tion and nmlecuiar size. 

117. Iheoiy of Fme Grinding. IV. Air Analysis of Large Quantities of Crushed Sand. 
Martin, G. and Watson, W. Trans, ceram. Sac., 1926, 25, 226-9; Brit. Abstr., B, 
1927, 543. Apparatus for elutriating large quantities of crushed sand is described. The 
compound interest law a)nnecting size and number was confirmed, log Wjx^ plotted 
against x giving a strai^t line. IF is the weight of the grade and x the average arith- 
metkal diameter of particle in a grade. 

118. Hieory of Fine Grhidii^. V, Existence and Preparadon of Statistkaily Homo¬ 
geneous Grades erf Craved Sand. Martin, G., Bowes, E. A. and Coleman, E. H. 
Trans, ceram. Sac., 1926,25, 240-52; Brit. Abstr., B, 1927, 543. By repeated eiutriation, 
crushed sand can be separated into homo^neous grades, in which the average arith¬ 
metical diameter of the particles cannot be altered by further fractional eiutriation. 
The homogeneous grades can be considered as units for building up complex mixtures. 

119. Researdbes mto the Theewy of Fme Grindii^. VI. The Diameters of Irr^ulariy 
Shipped Cm^ed Sand Partides Lifted by Air Ciarents of Differ^t Speeds and Tempera- 
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tores. Martin, G. Trans, ceram. Soc., 1927, 26, 21-33. Stoke's, Newton's and inter- 
mediate laws of particle motion are discussed. Results are expressed in the form of a 
table relating particle size and air velocity. 

120. Researches on the Theory Fine Qrlnding. \1L The EMdmcy d[ GroadHig 
Madhiiies and Grinding Media widi Special Reference to Ball and Tid)e MBSs. Martin, 
G., Turner, F. B. and Linstead, F. Trans, ceram. Soc.^ 1927, 26, 34-44. Effkriency of 
grinding is calculated from determinations of surface of ground quartz, and power 
consumption for constant sieving analysis is determined. The ball load should be 
30-40% of the mill volume, and mill speed, 200/diameter of the mill in inci^. 

121. Researches <m die Tlie<»y of Fine Giindlog. VXII. Var^tioii oi Spedhc Gravity 
of Quartz Sands <mi Proloi^ed Grinding. Martin, G., Watson, W. and Bowies, E. A. 
Trcm. ceram. Soc., 1921, 26, 45-56. The amorphous layer stated to cover the surface 
of ground crystalline substances was investigated with a view to showing that sudi a 
layer did not affect the rate of solution (in hydrofluoric acid) in surface determinatiems. 
Results showed a sli^t increase of specific gravity during early stages (25-50 minute) 
followed by a gradual decrease on prolonged grinding (3^ hours), thus indicating the 
presence of amorphous silica. 

122. Researches on die TheoirofFine Grinding IX. Connection between the Statistical 
Diameter and the Statistical Vduroe of Irr^oiarly J^iaped Parddes of Crushed Sand. 
Martin, G. and Bowes, E. A. Trans, ceram. Soc., 1927-8, 27, 247-58. Experimental 
evidence is presented to show that, with crushed sand of irregularly-shaped particles, 
a statistical volume constant is given by F/d^ d being the statistical diameter of the 
particles, and V the corresponding statistical volume. The mean value for this constant, 
obtained with five samples of carefully graded, air-elutriated sand, was 0-277. The 
value was sensibly the same for particles varying in size from 116 520 to 2188 partK^ 
per gram. Henc«, the average shape of sand particles is the same, whether they be 
large or small. 

123. The Theewy of Fine Grinding. X. Hie Coonectioii between the Stadstkai Dia¬ 
meter of Cnzdied-sand Parddes and Hieir Statistical Sor&ce. Martin, G. Trans, ceram. 
Soc., 1928, 27, 259-84. Makes microscopic n^asurement on air-elutriated products 
to determine size, which ranged from 0*0333 to 0*8325 mm. Relation between surface 
and diameter was found to ran^ from 2-00 to 2*49; the largest value was for the coarse 
material. 

124. The ITiemy of Fine Grmdiiig. XL Cakolatioiis Relatn^ to Diameters, Surfaces, 
and Wefejits of Hmnog^ieoiis Grades Crashed Quartz Sand. Martin, G. Trans, 
ceram. Sac., 1928, 27, 285-89. Gives data on 20 grades of quartz, with 31000 000 to 
1240 jE^rticks per g. Discusses methods of calculation for volumes, surface, and weights. 

125. Some Recent Researdies m the Science irf Fme Grindii^ done by die J^itldi 
Pc^dand Cement Researdh Assodatkm between 1923 and 1925. Martin, G. LR.L Trans., 
1926, 2, 125-32; /. Sac. chem. Ind. Land., 1926, 45, i60-3.T. Mathematical relations 
concerning powder surface and work done in grinding; heat of volatilization and work 
done, rate of increase of particles of decreasing diameter, average shape and distri¬ 
bution, are supported experimental results. Summarizes results in four laws: the 
surface produced is proportional to the input of woiic- The number of particles increase 
with decreasing diameter according to the law of compound inter^t. 'Die average 
shape of particles is unaffected by crushing. Any grade of crushed sand is <x>mpos^ 
of homogeneous grades in which the distribution of the number of tl^ particles with 
their diameters cannot be altered no matter how often tfre sand is regraded. Tables of 
experimental results in support. Cf. Meldau. 

126. Grmdmg m Bal aad Tribe Mlfe. Martin, G. Trms. Instn chem. Engrs, Lar^., 
1926,4,42-55. Infiuence of a current of air on theefikriency. The method of measurmg 
surface of quartz is <tecribed (the hydrofluoric acid method), the method of n^asuring 
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the electrical energy used by the tube mill and the experimental technique are described. 
The work required was proportional to the new surface produced up to the fivefold 
increase carried out. The effect of dust in cushioning the blow is small in the tube mill. 
Grinding in a current of air did not appreciably save power, A method of determining 
surface accurately has been devised. 

127. The Laws of Fine Grindtiig. Marttn, G. Crush. & Grind., 1931, 1, 5-7. Eight 
laws of fine grinding have been deduced. TTreir application in practice is explained. 
Criticism by J. S. Morgan, ibid. p. 43. 

128. The Dependence of Particle ^lape on the Mefiiod of Grindii^. Meldau, R. 
Verfahrenstechnik, 1936, (2), 1-6. It is shown with the aid of photographs how the 
shape of very fine particles of various materials is dependent on the method of grinding, 
contrary to former opinicms. The applicability of this variation in form to particular 
purposes is pointed out. Cf. Martin. 

129. (Xiserwitioos and Invest^tfoos on Indi^trial Grindiii^ Processes. Mittag, C. 
Verfah-enstechnik, 1937, (I), 7-10. In all investigations into grinding operations, a 
proper understanding of fundamentals is of great importance. Closer basic investi¬ 
gation is necessary, but improvement of equipment and operation will not wait for 
this. The lack of a comprehensive attack on the fundanwntals and technique of grinding 
is regretted. Examples of advances on empirical lines are given, e.g. roil mills, tube mills. 
The heat loss in fine grinding is discussed. 

130. ^>ecMc to Grmding. Mtitag, C. 1925, Verein Deutsche Ingenieur 

Verlag, Berlin. The differential coefficknt of the curve a (energy) to /(D) (fineness), 
namely dajdD, defines the specific resistance to grinding at the fineness considered and 
the mean specific resistance from ibe feed size to the size considered. Experiments 
showed that tire curve of energy a against /(D) couH be considered as the summation 
of the theoretical straight line law and part of a rectangular hyperbola, from which it 
is possible to derive an equation for /(D), and by differentiation for the specific 
resistance to grmding S, and the nrean specific resistance Sm, in terms of fineness D. 
Fineiress is based on sieving analysis, and the value of S increases rapidly beyond the 
range of 70% through the particular sieve considered. 

131. Power RequkeiEieBts in Cmshing Madbinoy. Mittag, C. Arch. tech. Messen^ 
6 Aug-1948,5, 8215-6. The consumption of energy in grinding and its distribution are 
discussed. Up to 50% of the total energy input appears as heat in certain instances. 
Data are given for various crushers. 

132. l^ws Gfindk^ Morgan, J. S. Crush, dc Grind., 1931,1,43. A criticism 
of Martin’s paper of the above title. Ibid., 1931,1, 5-7. (1) He doubts Rittinger’s law. 
More power is sometimes used with the mill empty. (2) Deductions from vaporization 
calculations for energy must be suspect, e.g. an organic material such as rubber should 
be easy to grind. Also what about heat development when precipitates are formed. 
There is no substantial heat ctevelopnrent. Rittinger’s law does not explain this. 
(3) Materials are rarely homogeneous, even among crystals. 

133. Firaiameiilal Studks in Impact Cr^nng. Nakagawa, Y., Matsui, K. and 
Okxjda, S. Chemical Engineering {Japaiii, 1954, 18 (4), 146-53. Relation between 
Energy and Reskiue In the Crushing of Solids. Chem. Abstr., 1954, 48 (12), 67^ An 
abstract appears in Mech. Engng, Lexington, Ky., Dec. 1954, 1 (I), 119. 

134. Some Griniing Tests wife Spheres and Ofeor Stepes. Norris, G. C. Bull. Instn 
Min. MeialL, Land., Feb. 1954, 63, 197-210. 

135. Note on fee Power Used In Ore, wife Spedal R^mnce to Rolls and 

feew* Bdbwkar. Owen^ J. S. Trans. Instn Min. Metall, Land., 1933, 42, 407; 1935, 
44,421. After a discussion of the derivation and validity of Kick and Rittinger hypo- 
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theses, the author develops an equation for the work done in roll crushing: Work = 
C^(DiS-SfD), where i>=diameter of particles and Sis the roll setting. [P] 

136. The Fundamentals and Laws of Comxniiiiitloi! witih S^ial Reference to Metals. 
Papszus, E. Arch. Metallk., 1947, 1, 318; 1948, 2, 576; MetalL Abstr., 1948, 15, 576. 
The laws of comminution and the desi^ of grinding mills are reviewed. Theoretically 
only 0-001 kWh of energy are required to reduce 1 kg of iron to a particle size of 
1 micron. 

137. Fundamental Aspects of Grinding. Piret, E. L. Chem. Eftgng Progr.^ 1953, 
49 (2), 56-^2. Discusses the methods of measuring surface area and their signi^noe, 
then the energ>^ requirements as required by Bond and Wang and Bond's later formulae 
(1952). Experimental results are illustrated graphicaDy using Bond and Wangs’ formula 
(1950). Discusses reaction kinetics, nucleation theory and rate processes, and the lines 
upon which research might usefully proceed. Bond and Wangs’ chart is reproduced 
(Xrans. Amer. Inst. min. {metall.) Engrs^ 1950, 187, 871). The author further discusses 
the heat losses as found in ball mill experiments to be from 75 to 94% of the energy 
input. Surface production is found with quartz to be directly proportional to work 
input, but with materials of a plastic nature the curve deflects towards the energy axis. 
With homogeneous, brittle materials there is no significant temperature effect (-58“- 
400®C). Possibilities of a ‘rate theory’ are discussed. Resistance to fracture of brittle 
materials is a function of time. Plastic flow for steel may be initiated in from 0*001 
to 10 seconds and for nylon fibre 1-1000 seconds depending on the forces applied. 
The curve forms are similar for these materials. Temperature is an important factor 
in crushing over certain ranges for certain materials. This ocmcems embrittkment. 
Rate of loading is a factor. A drop weight machine requires three times the energy of 
a slow compression machine for equal surface development- Also the slow com¬ 
pression of a bed of quartz particles for the same energy input produces more surface 
than if impact is used. The times of impact may be microseconds and for compression 
from a second to minutes. There is also an interval before fracture. There is little 
quantitative work on the time factor in crushing. Related fields are: Rupture of heat 
resisting alloys, e.g. time to rupture at constant t and load=log. stre^. With glass, 
porcelain, plastics, chemical agents in fluids or the air can act catalytically and decrease 
ihs activation energy of fracture. This has a bearing on the rate probkm. New 
approaches are necessary, e.g. a rate approach. The problem is tl^refore one of 
chemical engineermg. With regard to nucleation theory (W. George, Symposium on 
Nucteation, Industr. Engng Chem. {Industr.X 1952, 44) Phet says that the analogy of 
the thought of a rate-controlling step and a corresponding activation energy is found 
in modem nucleation theoiy and in tl:® theory of rate processes, and it is proposed 
that this attack be made on crushing processes. While successive steps in fracture 
appear to be complex, the controlling proo^ may be essentially quite simple. 18 refs. 

138. Cn^iiz^ and Grindo^ EBBeiency. Prentice, T. K. Bull. Instn Min. Metall^ 
Land., 447, March 1946; S. Afr. Min. {Engng) 1946, 57, 427. In this paper evidence 
is submitted which supports the increasingly growing belief that the energy absorbed 
in crushing and grinding is directly proportional to the new surface area produced in 
the material being comminuted. It will ^o be indicated that the efficiency of crushing 
and grinding machine s ranges from about 40 to 20%, depending upon the type of 
machine and the nature of the work it is called upon to perform. It will be shown that, 
of the total power input to a machine, only from 55 to 90% is available to adiieve 
comminution, the balance being dissipated in the prime mover and in transmission 
and jBriction losses, etc. It will also be shown that over ^% of the energy available 
to achieve comminution appears in the form of heat, which is dissipated in the sur¬ 
rounding bodies. The fact that deformation of rock under compression or tension up 
to the point of fracture is approximately proportional to the volume of the rock does 
not easily conform with the finding that the ei^igy absorbed in adiieving comminution 
is directly proportional to r^w surface produced; and, for this reason, all the data in 
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conocxioB with the experimental tests are sulnnitted in some detail. The author may 
have erred in some of his deductions, but it is hoped that the presentation of the 
detailed data might assist in the elucidation of the complex theoretical and practical 
problems associated with crushing and grinding. Large scale experiments indicate that 
m Rittingeris law, eSkkneies are 32*8% for gyratory crushers, 34-7% for stamps 
and 234% for cylindrical mills. 

139. Dctemhiatioii of Reqairenents: ReductioD of Minerals. Reytt, Karl 

von. &/. Z, Berg^u^Huttenw,^ 1888,36,229-31, 246-9,268-70,283 ;-Z. Ver.dtsch,^ 

1888, 32, 229. From experiments with a number of different crushing machines he 
concludes that the ratio of the net work input to the surface produced is fairly constant 
for the ojarser sizes, but for smaller sizes the amount of surface produced increases 
more rapidly than the amount of work required. The difficulties in estimating the 
numbers of particles and surface area of the fraction 0*1 mm to 0 were emphasized, 
even by microscopic examination. The mean size 0*1 and 0*0 was discussed for calcula¬ 
tion of surface. The older method of calculating surface area from the quantity of water 
adhering to wetted particles was abandoned as -inaccurate, and direct calculation was 
adopted. 

140. LdMiidi dor Airfbereitiin®*iHide (Text book of Mineral Dressing). Rittinger, 
Ritter, P. Von, 1867, Ernst & Kom, Berlin; p. 19. From a theoretical analysis of the 
subdivision of a aibe, Rittinger deduced that the work required in crushing is nearly in 
direct proportion to the reduction in diameter, or to the reciprocal of the diameters, 
and is directly proportional to the surface produced. £= 

141. A Study of Grindiog Efficiency and Its Relatkm to Flotation Practice. Rose, 
E. H. Engng Min. 28 Aug. 1926, 331-8. The average diameter of -200 mesh as 
assigned may be far from the truth, and grinding to - 200 mesh represents an indeter¬ 
minate amoimt of unavoidably wasted raergy and the efficiency figures obtained 
by Rittinger law are not translatable into operating terms. Proposes new method based 
on dependable information: sieve sizing, tonnage treated, and power input. The 
information lacking is theoretical energy required for crushing, comparative cnishmg 
resistances, and differentiation between useful and useless energy. States that useless 
grinding should not be credited to grinding mills. The proposed method is based on the 
nearness to completion which is taken as 200 mesh; all passing 200 mesh represents 
100 %. 

142. Laws Similarity in ComminutloEi Processes. Rose, H. E. Verem Deutsche 
Ingenieur, Staubtedmik Tagung. (Air purification and Dust Technique.) Dec. 1955, 
6-7. 


143. ThecMry Cm^d^ and Grinding. Rosin, P. Theoretical papers are found by 
Rosin and collaborators under Coal and under Size Distribution. 

144. Qrlidiiig and Grinding Madliiiiray. Rc^in, P., and Rammler, E. Chem. Fabr., 
1933, 6, 395-9, 403-5; Chem, Abstr,^ 1933, 27, 5582. For most powders which have 
und^gone fine grmding the relation between R, the residue left on a sieve, and the 
grain size (x) is of tlw type i?= lOOc-*^, b and n being constants. This enables the 
curve between R and x (:i: is in mu) to ^ obtained from two determined points and 
ths sp. surface of the powder to be calculated. This is not the case with coarse-grinding. 
Relations of capital and power costs to the fineness of grinding in various cases are 
shown by curves. Curves showing the relationship between speed of revolution and 
fineness of product of centrifu^ mills and roller mills are also given. Drum mills have 
an optimum degree of filling for whidi throughput is a max. Bail mills have a crit. 
speed of rotation at wfaidi the balls revolve evenly with the walls. The optimum speed 
is some fraction of this, depending on the filling; in some cases there are two optimum 
speeds. Water cemtent of material to be dried is often important; coal is best dried 
while being ground. It is very uneconomical in power to run a mill at reduced through- 
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put, and the power consumption is also affected by tl^ efficiency^ of the screens or other 
devices for removing fines. 


145, Calixlineter Method for Studyii^ Griadlng In a TmiA iiiig Medkan. Schellinger, 
A. K. Min, Engng, N,Y., 1951, 3, 518-22; Mon, BtdL Brit, Coal Util, Res, Ass., 1951, 
15 (8), 284.efficiency of a revolving grinding calorimeter is described in which the 
brittle material is ground by tumbling cast iron shot in a brass grinding chamber 
enclosed in a water jacket. Method of calibrating and using the calorimeter is (tecribed 
to^tl^r with a few preliminary results. The thermodynamic efficiency of this type of 
grinding has been ascertained at least as to order of magnitude. (Paint Research 
Association, Nov. 1951.) With runs on —100 + 200 quartz, the author found th® thermal 
efiiciency to be a function of mineral quality, pulp density and the like. A range of 
10-19% thermal efficiency was obtained and peak efficiencies in wet and diy grinding 
were similar. Efficiency dropped with dilution. Tl^ results were comparable with 
earlier work on the subject and similar to his own data on commercial mills. The 
construction of the mill calorin^ter is described and illustrated. Tlie optimum value of 
19% agrees qualitatively with the valites found by earlkr investigators and is about 
50% of the value found by Gross and Zimmerky for commercial ore grinding mills. 
Rep, Invest. U,S, Bur, Min., No, 2948, 1929, Efiiciency of Grinding Mills, and Rep, 
Invest. U.S, Bur, Min,, No. 3056, 1931, A Device for Determining Work Input to a 
Laboratory Mill. 7 refs. [P] 


145. Approximatioii of Energy Effidencks oi Commercial Bail Mills by the Energy 
Balance Method. Schellinger, A. K., and Lalkalka, F. D. Min. Engng, N.Y„ 
1951,3,523-4. The controversial nature of energy efficiency figures kd to an approxi¬ 
mation of such efficiencies by an energy balance of kinetic, heat and surface energy 
for a mill grinding cement raw materials. All considerations gave the energy efikkncy 
approximation formula: 


% Energy Effickncy 


(- 


Thermal energy output \ 
Kinetic energy input / 


xlOO 


Results of calculations made by and with the methods and data discussed are tabulated- 
Thermodynamic efficiencies obtained by these approximations seem to confirm the 
results of other workers. Kinetic energy input figures were used, that is after correcting 
for mill fiiction, etc. 

147. Enogy/NOT Suc&ce Relatioii^ilp m fiie Crushing oi Sdids. VI. Effect of 
Tmperatire. Schulz, N. F. University of Minnesota, Publication, No. 3421, 1951; 
Dissertation Abstracts, Ann Arbor, Michigan, 1952, 12 (Q, 824. Ej^rimental results 
showed that temperatures between 25® and 400°C had very littk efiect on the crush¬ 
ing of qieutz, taoonite, magnetite. Other conclusions: (1) a practical correlation between 
surface area and size analysis, whereby surface area a>uld be estimated from the 
proportion passing a specified sieve size; (2) surface area increased 5% by atuition 
during half hour’s sieviug; (3) 20-50% of gross energy is wasted in scoring the faces 
of the drop weight cru^r; (4) the energy of crushing is very nearly proportional to the 
surface area produced, thus confibrming Rittinger’s law; (5) a new method of calculating 
the net energy input to crushing in a drop wei^t crusher was devised. 

148. Partide SSze Studies. Schweyer, H. E. Industr. Engng Chem, (Inthistr.), 1942, 
34,1060-^. A study of the progress of i^ucdon and surface development in the sub¬ 
sieve range. See under Superfine Grinding. 

149. Laws iff Goadlag in Cylindrical Mfik. SEGUm, T. Rev, Industr. min., 1952, 33 
<7), 537-46. See No. 1614. 

150. The nyskal and Technical Laws of Work m Size Rediictioii.^SM£KAL, A. Ver~ 
fahrenstechmk, 1937 (5), 159-68. A distinction must be made between these, and tlieir 
relation to the Kidc and Rittingar laws is disaissed. The ‘ ‘ technical worfdbog law fm fine 
grinding” has nothing to do with the Rittinger law, but relates to the kss of energy in 
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grinding machiiws. An attempt is made to define the significance of the relation between 
the loss of energy and the increase of surface area. 2 refs. 

151. The Phj’sks of Omshmg. Smekal, A. Chem, Apparatur^ 1937, 24 (1), 1-3. It is 
shown that the theoretical strengths of homogeneous materials are from 100 to 1000 
times as great as the actual strengths. This is due to non-homogeneous points in the 
material, and fracture spreads from such points. There is thus a zone of coarse dis¬ 
integration which begins separately in non-homogeneous points of maximum stress; 
a zone of fine disintegration when a large number of homogeneous points are present, 
in which case the woric of crushing approaches an average value; and a zone of very 
fine disintegration wi^re irregularities again occur and the energy of crushing increases. 

152. The Physics of Crushing. Smekau, A. Verfahrenstechnik, 1936 (2), 35. A short 
review of the objectives and problems of crushing and grinding technology, with 
reference to the results of the working committee on size reduction, section of the 
process technology group of V.D.I., whose results have served to clarify the physical 
and technical bases of this subject. See also Smekal, Chem, Apparatur, 1937, 24 (1). 

153. Laws of Faihnre of Solid Bodies Doe to Stress. Sunatuni, C. Tohoku University 
Tech, Rep,, 1922,3 (1), 1-56. TI^ inadequacy of previous laws of failure under tensile 
and shear stress is shown, and new laws are put forward as a result of geometrical and 
mathematical anal}^is. The work is intended to throw light on the strength of structures. 

154. A Study of the Particle She Dfstribotioii in a Concentra Type MilL Tanaka, T., 
and Satto, N. /. Jap, ceram. Ass,, 1952,60,99. From a study of grinding rates of cement 
clinker in relation to its passage through a 5-compartment Concentra type mill, the 
most effective conditions of operation are deduced. See under Cement. 

155. HMoiy of the Strength of Mater^. Timoshenko, S. P. 1953, McGraw Hill 
Publishing Co. (with a brief account of the history of the theory of elasticity and 
theory of structures). 439 pp. 

156. Method for Estimatii^ the Effidency of Puhrerizers. Wilson, R. Trans, Amer, 
Inst, min, {metalL) Engrs, 1938, 129, 170-84; Tech, Publ, Amer, Inst, Min, Engrs, 
No. 810,1937,15 pp. Application chiefly to cement clinker. The apparatus consists of a 
2^m, diameter anvil and plunger, on which a steel ball of 2i-in. diameter is arranged 
to fall. A prepared sample of 20 or 28 m^h is crushed. Soft metal supports absorb loss 
of erwrgy in tl^ anvil, which may be up to 85%. Cement c linke r was used for the tests 
and the surface per unit of energy used was compared with factory cement output in 
surface baiiek per kWh (total energy). Efliciencies taking the impact test as standard 
ranged from 19 to 43%. He regards much of the grinding in a oinventional mill as 
being docae by impact shatter. The basis is that of surface production, for which very 
careful measurements were made, including that of the turbidimeter for the finest 
particles. Results show that the resistance to grinding on a surface basis, increases 
with fineness of product 

157. and Qrfndmg. Work, L. T. Industr, Engng Chem, {Industry, 1950,42, 
26. Results have been reported on solids such as quartz, ^ass, etc., in whi^ cradling 
is accomplished by the dropping ball method and surface areas are measured by 
permeability. A paper has been presented on the Aerofall mill. This mill seems adapt- 
abte for large-size material with reduction to very fine sizes or to intermediate sizes; 
for the fine sizes, air sweeping and size classification are employed. 

158. On tiie Tlieoiy of Crndmig Minerals. Zvagin, B. M., Rosenbaum, P. B., 
T<K)ec, O. M. and Urovski, A. Z. Bull, Acad, Sci, U,R,SJS,, tech, sci, (Izv, Akad, 
Nauk, SJSJS,R, 0,TJI,), 19^ (7), 1062-70. The authors are concerned togely with 
the edaMishmmt of a theory connecting the amount of crushing with the degree of 
expe^ure of minerals and the final conqjosition of the mixed particles. Graphical and 
mathmatical analysis. 
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KICK V. RITTINGER PAPERS 

159. Energy—New Surface Relatioiis in the Cradling of SolMs. Adams, J. T., er aL 
Chem. Engng Progr,, 149, 45 (8), (11), (12). 3 papers. Nos. 4, 5 and 6. 

160. Handboc^ of Ore Dressu^. Allen, A. W. 1920, McGiaw Hiil Book Co., New 
York. 250 pp. The chapter on the theor>' of crushing pp. 45-53 deals with the Kick and 
Rittinger theories and Stadler’s support of the former. Mill data are tabulated for 
energy consumption, size distribution and surface development. The data seem to 
support either hypothesis. 

161. An InyestigatkHi m Rock Craslm^ Made at McGill University. Bell, J. W. 
Trans. Canad. Min. Inst. {Inst. Min. Metall.)^ 1916,19,151. In 1911 Galloway's lesults 
indicated the l^ttinger law to be incorrect. McGill, therefore, adopted Kick’s law. In 
1913 errors discovered in power measurements led to a new series of tests ming 
crushers, rolls, and Huntington mill, which showed in every case a great inciease in 
EU/h.p, as size of feed was increased, while tlw Rittinger calculations, althou^ 
erratic, showed constant SU/h.p. irrespective of size of feed. ‘Considered as a whole 
tl^ results are in closer agreement with Rittinger theoiy when the two objects which 
conspire to defeat the purpose of the investigation are taken into account. One is the 
difficulty of measuring the power used in crushing only. The second has to do with the 
measuren^nt of the surface in the -200 grade.’ Abstract of the paper by this author 
appears in Trans. Amer. Inst. min. (rmiall.) pjigrs^ 1917, 57, 133. 

162. The Laws of Cnisliii^. Bell, J. W. Trans. Amer. Inst. min. (metaii.) EngrSr 
{Milling Methods), 1943, 153, 312-22; Tech. PubL Amer. Inst. Min. Engrs, No. 1415, 
1942. Criticizes Gross’s remarks about the hopeless Kick v. Rittinger dispute. 
Discusses various opinions and then quotes A. F. Taggart (Tests on Hardinge Conical 
Mill, Trans. Amer. Inst. min. (metall.) Engrs, 1918, 58,126-55) to support his own and 
Gates’ papers to show that Stadtkr’s hj^thesis (Kick) when investigated experi¬ 
mentally is worthless. Suggests research into the surface energy of quartz, to shed 
further light on the problem. Discussion: J. Dasher, U.S. Bureau of Mines, attacks 
Bell’s work and quotes Beimett on Rittinger and Mahomet’s coffin. (Elsewhere Bell’s 
paper is not regarded favourably.) 

163. The Laws of Cra^btlig and GrMhig: The State of Research and ffie Results 
Obtained. Blanc, M. E. C. Rev. Industr. min., 1937, 3^, 35-43. It is concluded that 
Rittinger’s law is conjffimed by results. Tlie crusher producing least fines absorbs 
least energy, other things being equal. This is not the overriding feature however, since 
quality in the product must be the chief consideration. 36 refs. 

164. A New IheiMry of Commlmitioii. Bond, F. C., and Wang, J. T. Min. Engng, 
N. Y., 1951,3 (11), 983-6. Discussion by H. J. Kamack and R. G. Wuerker. Kamack: 
The arguments by Bond and Wang presentoi against the Rittinger theory do not stand 
critical examination. The ‘Strain-energy’ theory which they propose instead, is not 
supported by the empirical data they present and is disproved (for grinding) by an 
experiment which shows that for sand tlw energy required for grinding is not necessarily 
proportional to the reduction ratio. Knmadc supports his views by experimental data. 
WiKrker; the R. theory appears superfidaOy logical, but the real test as to applicability 
has still not been correlated satisfactorily with operating results. Its general acceptance 
may have retarded discov^. The ‘strain-energy’ theory is an attempt to find a way out 
of empirical darkness. 18 refs. 

165. Recent Advances m Crn^li^ and Gfiuduig. Dean, R. S. Bull. Amer. ceram. Soc., 
1937, 16, 9-11. Results of experiments with magnetite sho^vs that Rittinger’s law has 
been verified for this material. 

166. Some Fme GiiidlQg Emiiaine^Is, Famrenwald, A. W. Trans. Amer. Inst., 
min. {metall.) Engrs (Milling Methods), 1935, 112, 88-115. Deals briefly with the. 
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views on Kick and Rittinger laws. Analyses in detail all aspects concerning the function¬ 
ing of tlw ball mill. Graphic lepiesentations of various relations. It would seem that 
Gaudin, Gross and 23niinerky I^ve shown experimentaDy and graphically that Kick’s 
hypothesis cannot pc^ibly hold. Min. & MetalL, N. K, Oct. 1929, 447-8. 32 refs. 

167. Kidk T. Rlttl^er. An Expcrmieiital Invest^tioii in Rock Peifonned 

at Pwiiie Univer^. Ga-ees, A. O. Trans. Amer. Inst. min. (metall.) EngrSy 1915, 52, 
875-909. The two laws are stated. The Kkk law is: ‘the energy required for producing 
analogous changes in configuration of ^metrically sMar bodies of equal techno¬ 
logical state varies as ibc volumes or weights of these bodies.’ Tl^ author instances the 
breakage of a ton of 16-in. cubes to I-in. cubes in the first place and then to iVin. 
cubes in the second place. According to Rittinger, the energy ratio should be 16:1 in 
favour of the second breakage. By Kick’s law, the ratio is 1:1. This discrepancy was 
thought to be worth a practical investigation. The method of tests was by slow com¬ 
pression machine provided with sensitive indicators of distance and pressime. The 
results were much in favour of Rittinger’s law. Former results from stamp mil l s were 
also held to favour Rittinger’s law. The - 200-mesh fraction was ignored in the author’s 
tests. In the discussion on the paper the protagonists of the two theories maintah^ 
their positions. Many other physical features of the fracture process observed during 
the t^ts are illustrated diagrammatically and graphically, and make the paper very 
valuable apart from the K. and R. hypotheses. 

168. The So-Called Kkk Law to Fine Grindii^. Gaudin, A. M., Gross, J., 

and 2iMMERLEy, S. R. Min. & Metall.^ N. K, 1929,10,447-8; Brit. Abstr ,, B, 1929,927. 
Calculations were made on the basis of impact tests by Gross and 2]immerley iTrans. 
Amer. Inst. min. {metalL) Engrs, 1930, 87). It is shown theoretically that in grinding 
fine sizes the efiiciency, according to the Kick law, increases enormously when com¬ 
pared to surface energy. Efficiency passes 100% at about OT micron size, and at 
O-OOl micaron size it reaches several thousand per cent. It is concluded that the Kick 
law cannot possibly hold. 

169. CoBtriiiitkMi oh the Study of the Fragnt^iiation of Materials. Gosset, M. 
L’Equipement Mecanique des Mines, Carrieres et Grandes Entreprises, May, 1949, 
5-12. A mathematical interpretation of the laws of grinding. The laws of Rittinger, 
Kick and Stadtler are shown to be contradictory. Their lack of generality is emphasized 
and the cases where they are individually applicable are defined. 

170. The Laws of Cr^ili^. Herman, J. Engng Min. J., 1923,115, 498-500, Discus¬ 
sion, 789-9!. Six years of custom grinding, using a Herman screening ball mill on 
matoial varying from insect powder to granite (26 materials are listed) have given the 
opportunity to test the laws of Kick and Rittinger. The results are more in accord with 
Rittinger than with Kick, and the agreement increases with increase in efficiency of 
grinding. Results are presented in curves which show close agreement with the Rittinger 
law. The discussion by Hardinge dealt with eight general aspects of ball-mill grinding, 
but contained little that was relevant to Hennan’s theme. 

171. A CcM^iibiitioH to the Study of CoiiinikflitkHi--A Modified Fmn of Kkk’s 
Law, Holmes, I. A. Paper to the Institution of Chemical Engineers, London, 7 Nov. 
1956. The problems encountered in the formulation of a theory of comminution are 
indicated aiKi a general equation relating energy and particle size is developed based 
on a suitably modified form of Kick’s law. This equation is expressed in the form 
W~Wi[l~(llRy}(l00IFy where Wi and F have the same connotations as in 
Bond’s equations, R is the reduction ratio (linear) and r is the Kick’s law deviation 
exponent. If /•== 1, 0 or 4, the equation corresponds to the theories of Rittinger, Kick 
and Bond (3rd theory) lespeOively. The limitations of the above equation are discnissed 
and its application to pieffiction of power requirements for ball mill grinding in closed 
circuit is iltiistiated for a variety of materials. R^ults are discussed with particular 
refeirace to the significance of existing theories. Rittinger’s theory fails because it is 
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related to surface area, which is an unimportant parameter in size reduction. Kidc*s 
law fails only because it requires that materials be perfectly annealed and homo¬ 
geneous. The Third Theory should be regarded only as an extremely useful empirical 
method of prediction of power requirements for comminution. The basic postulate 
relating energy and particle size has no real significance, and leads to an oversimplified 
picture. 13 graphs, 21 refs. 

172. Mechanical Efficiency of Kenney, H. C. Min. scL Fr., San Francisco, 

10 April 1915, 572-5. Gives a theoretical discussion. Kick’s law implks deformation 
only, not rupture, but also applies after rupture. IMscusses both laws mathematically 
and graphically and concludes that both laws may hold. He states that Rittinger’s 
law appears the most reasonable but needs direct experimental evidence of proof, and 
that argument without such proof is of no value. 

173. The The<Hretik:al Aspect of Grilling and Grindkg. Michell, F. B. Mine & 
Quarry Engng, 1939, 4, 359. A review is presented of Rittinger's and Kick’s theories 
in the light of recent experimental evidence and their bearing on comparative efficiency 
calculations in practice. Rittinger’s theory states that the work done is proportional 
to the reduction in diameter; while according to Kick, for any unit weight of ore 
particles, the energy required to produce any desired reduction in volun^ of all tl» 
particles in the mass is constant, no matter what the original size of the particles. 

174. Kick y. Rittirger: An Iiiyes^atlcm of die Laws Govern^ in BaQ Milk. 

Rolph, E. a. Canad. Min. 1922, 43, 550-53. Presents both the Rittinger and Kick 
laws in a form that can be quickly grasped and easily applied. Graphic representation 
and calculations made according to the two laws show their difference. Althou^ 
Kick’s law might appear the more logical, experimental work has served to show it is 
not applicable, while that of Rittinger conforms with the results of experiments. 

175. A Surrey of Researdi on Rode CmsIiiBg. Shaw, E. Rock Prod., 20 July 1929, 
70-5. Complete survey which explains Rittinger’s law, work of von Rcytt, Wagoner, 
and Richards, and Stadtkr’s contribution that crushing follows the Kick kw. Discusses 
work of Gates, Haultain, Beil, Gaudin, Martin, and Gross and Zimmeriey. 

176. The Api^caticm Kide’s Law to die Measurement of Energy Consimiei in 
Qm^iiiig. Speak, S. J. Trans. Instn Min. Metall., Land., 1914, 23, 482. Kick’s law 
stated thus—To break 1 cu. in. of material into 2 pieces requires 10 times more 
eiKrgy than to break a pkee A cu. m. hito 2 pieces. Sug^ts that tenacity may increase 
as particles become smaller (cf. the tenacity of spun glass). Oeavage at planes of 
weakness alters the validity of Kick’s law, (cf. Stadtkr’s paper. Engng Min. J., 1914,9S, 
905. 

177. Gradii^ Analyse and dielr Apptkadon. Staotler, H. Trans. Instn Min. 
Metall. Land., 1910, 19, 471, 509; 1911, 20, 420. Presents reasoning for applying 
Kick’s law to crushing, using ordinal numbers, mechanical value, and relative mechani¬ 
cal efficiency in calculating the work done in crushing. Definitions of these quantiti^ 
and their application. Recommends a standard sieve series more convenient in using 
Kick’s law. 

178. The Law Crui^yiig. I and IL Stadtler, H. Engng Min. J., 1914, 98, 905-8, 
945-8. The author takes the view that crushing energy is proportional to the volume, 
i.e. he agrees with Kick’s kw. He compares various crushing kws as used by Caldecott 
and Pearce, Klug and Taylor, R. W. Chapman, and Stadtler. Really a comparison of 
Rittinger and Kids: kws. Rittinger’s kw is fallacious as "force’ and ‘work done’ 
cannot both be proportional to area of rupture. The distance throu^ whidi force 
operates in doing work is diaegarded in tl^ Rittinger kw. Gives a theoretical discus¬ 
sion proving the correctness of Kick’s kw. Discusses the work of Gates, Beil and 
Taggart Gives the method for computing crushing efikiencks based on Kick’s kw. 
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iising ordinal numbers or ei^rgy units. Admits that useless work is done. See also 
S. J. Speak. 

179. The Work d* Cntslilx^ Taggart, A. F. Trans. Amer. Inst. min. (metalL) Engrs, 
1914,48, 153-79. Gives a theoretical discussion of Rittinger and Kick laws. Concludes 
that Kick's law applies to a crushing operation. Discusses the work of Del Mar and of 
Gates. Includes examples of calculations of efficiencies in crushing, method for cal¬ 
culating the ordinal number, as per Kicky’s law, and table of constants for Tyler sieves. 

180. Practica! Cmsliig Effickney. Tapun, T. J. Min. Mag., Land., 1934,50, 18, 87. 
The mathematical basis of the K. and R. laws limits them to elastic and homogeneous 
solids. Kick's law considers only the energy to stress the particle to the point of fracture 
and may be termed Energy of Preparation, Ep. Rittinger’s concerns energy of actual 
fracture Ef. Therefore the two laws are complementary, but either carried to extremes 
leads to absurdity. The ratio E/lEp is shown to be 1/25 000 D for quartz (D =diameter 
in inches). The ratio is very small therefore for all but the smallest particles. The 
energy of preparation is librated after fracture and might possibly be conserved and 
transferred to other particles in rapid fracture. Theoretical surface energies, assuming 
a perfect lattice structure, have been much overestimated; the author regards the surface 
energy of quartz as 34 ergs/sq. cm. rather than as Edser’s value of 920. Kick’s law is 
approximately valid for coarse crushing, and for crushing tough ores. Rittinger’s law 
is more appropriate in fine grinding because of increase in the ratio E/jEp. 

181. A Text Book Ore Dresslt^. Truscott, S. J. 1923, Macmillan & Co. Ltd., 
London. Gives work done in crushing and states that the Rittinger law seems unreason¬ 
able as the amount of work represented by the fine material is so large. Assumes the 
Kick law to be the correct law of crushing, using Stadtler’s arguii^nts. 

182. Some d the Mathemiatical Laws of CrashiBg. Warwick, A. W. Min. Worlds 
Seattle, 1910, 33, 173-5. l^lains Rittinger law. In ores of various constituents. 
Kick’s law cannot hold. Discusses the effect of water and natural slimes in ores a& 
affecting the results when calculated by the Kick law. 

183. The StatBS of Testmg the Strei^ of Rodcs. Wuerker, R. G. Min. Engng„ 
N. Y., 1953, 5; Tram. Amer. Imt. min. imetalT) Engrs, 196 (11), 1108-13. The progress 
made in testing the strength of rocks and minerals, as they are encountered in mining 
operations, is reviewed. An attempt is made to correlate these physical measurements 
with abrasive hardness, grindability, and behaviour in comminution on the one 

and tl^ fracture of rocks in pillars and roof control on the other. Experimental work 
has provKi the applicability of the theoiy of elasticity and tite standard methods of 
testing materials, to rocks, ores and other materials with which operators have to deal. 
Knowledge of strength of rocks should be increased by more exact testmg and agree¬ 
ment on procedures. The results of investigations are presented graphically. 20 refs. 
The investigations were on elastic deformation of rcxks, stress-strain curves for coal 
and other brittle materials and on the effect of time of loading. The work was part of a 
comprehensive programme of investigation on the strength properties of rocks at the 
Department of Theoretical and Applied Mechanics, Illinois University. 

MECHANISM OF FRACTURE 

184. Ob ^ Mexbamsm of Breakage. Andreasen, A. H. M., Wesenberg, B., and 
JESPpisoN, E. G. KoUoidzschr., 1937,78, 148-56, The distribution formulae of Martin, 
Rosin and Raminkr, Gauss, Heywood are discussed. Size distribution tables for 
crushed glass, fei^r and earthenware are presented. Three hypotheses for the breakage 
mechanism are put forv^d, two of which are present in agreement with GiiflSth in 
his Handbuck <kr PhysUc, Berlin, 1928, p. 455. The three hypotheses for the megha nism 
are embodied by the author in an idealized diagram, where the finest material is shown 
to be in the mid<^e of the crushed block. The diagram is confirmed by the disposition 
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and shape of cracks and crushed product from glass and felspar cubes, crushed in a 
5-ton press. According to Griffith the breaking of a brittle amorphous solid by a pure 
pressure load can be regarded as a fracture break similar to the effect of a tensile stress. 

1 85. TI» Plastic Deformatioa of Fine Particles of Coal and Materials. Bangham, 
D. H., and Berkowitz, N. Coal Res., Etec. 1945,139-50. The authors have examined 
the cold flow of coal particles following Boddy’s observation that tl^ particles can be 
pressed out into sheets on a microscope slide. The property is associate with micellar 
structure of the coal particks and they consider that sirring takes place at inter- 
micellar boundaries across which weak (surface) forces are acting. The deformation is 
facilitated by the presence of adsorbed water vapour. 10 refs. (Coal Research is issued 
by the British Coal Utilisation Research Association.) 

186. A Two-Stage Pbenomeiion in ffie Breakage of Coal. Bond, R. L. Fuel, Load., 
April 1954, 33 (2), 249. Under impact, coal is seen to break into a few large pieces in 
some cases, and in others to give a considerable amount of dust. Drop-hammer experi¬ 
ments on 500-g (approx.) cubes of coal of various grades (about I in. side), placed with 
cleavage planes either normal to or in the line of application of blow, indicated that if 
the forces applied are suffidently small, the breakage occurs in two distinct stages: 
firstly, failure at a few preferred sites, giving a small number of relatively large pieces, 
and secondly, the production of dust. The sequence was (I) no visible change, (2) crack¬ 
ing in both directions, (3) separation along the cracks into smaller pieces (often only 
two), (4) retention of shape under further impact until complete shattering occurred 
with production of fine material. The hammer was tripped to give repeated blows at 
one second intervals from a 10-cm height. 

187. The Time Delay for the Mtiatkm of Piastk Deformatioa at Rapdly Applied 
Cemstant Stress. (T^idk Loads.) Clarke, D. S., and Wood, O. S. Froc. Amer. Soc, 
Test. Mater., 1949, 49, 717-35. 19 refs. 

188. Materials are Quite DissiiiiBar in Tenaou and CompressioB. Cofhn, L. F. 
J. appL Meek., Sept. 1950,17 (3), 233. 

189. Piastk Deformatkm of Crystak. Cottrell, Prof. A. H. International Series of 
Monographs on Hiysics. 1953, Qarendon Press. 228 pp. 25s. Od. An appreciation by 
N. P. Allen in Nature, Load., 14 May 1955, p. 830. 

190. Dislocatkiis In Metals. Cuff, F. B., and Scheiky, L. McD. Sci. Amer., July 
1955,193 (1), 80-7. It is shown how the dislocation theory can account for the stren^ 
properties of pure and impure metals, how strength is increased by blocked build 
up of dislocations during work hardening, how the inclusion of impurities known as the 
* Cottrell Atmo^heie’ affects yield point, how regrouping of impurities improves 
hardness in anTt^almg at the optimum regrouping for blocking dislocation movement, 
and how random dislocations line up during heating and bending to give an ordered 
arrangement of miTiimiim strain in the lattice and therefore greater strength of the 
metal. 

191. Discussion on Age Hardening Ahmiiiilam Alk^ Dean, R. S. Trans. Amer. 
Inst. nun. (metalL) Engrs., Feb. 1936, 122, 294. R. S. Dean has been developing tte 
theory of internal surface for some time and develops the concqf>t at some length in 
this paper. He assumes the presence of ^de planes when a material change shape but 
is not fractured. 

192. Statktkal As^^ects iff Fractiae Probieim. Epstein, B. J. appl. Phys., 1948, 
19 (2), 140-7. A survey of the development of statistical theories of the strength of 
matfirial$ and of the dependence of strength on specin^n size. The probkms posed are 
equivaknt to an important imoblem in mathematical statistics and the calculations 
made by mathematical statistidans giw a far more compkte description of the results 
to be expected than do the estimaties to be found up to now in ti^ technical literature. 
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193. A Statistical I1ieor>' of Fractirc. Fisher, J. C, and Holloman, J. H. Trans. 
Amer. Inst. min. {metalL) Engrs^ 1947, 171, 546-61; Tech. Publ. Amer. Inst. Min. 
Engrs, No. 2218, 1947. An attempt, using statistical analysis, to rationalize the size 
effect in solids, the scatter of fracture stress values, and the dependence of fracture 
str^ upon strain, and to suggest a quantitative relation between the structure and the 
fracture stress. 

194. The Beliaviofar of Brittle Materials at Fracture. Frocht, M. M. J. Appl. Mech.^ 
1936,3 (3), A.99-103. The effects of holes, notches, etc., is discussed for the breakage of 
tensile test specimens of bakelite. Stresses are observed by photoelastic means and 
calculations made therefrom. 

195. The I^ienomena of Riq)ture and Flow in Solids. Grifetih, A. A. Phil. Trans. A^ 
1921,221,163-98. A theoretical criterion of rapture. Application of theory to a cracked 
plate. Experimental verification of the theory. Method of finding the surface tension 
of glass (by extrapolation from values at liquid). Tabk of values given. The strength 
of thin fibres. Molecular theory of strength phenontena (molecular orientation and 
grouping). Extended applications (to metals). ‘The theory suggests that the drop in 
stress at the initiation of yield is due to the surface energy of the interciystalliite 
boundaries.’ Application of theory to liquids (the ring and ball experiment indicates 
that the molecular grouping in liquids is comparable with that in solids). Experimental 
work confirms that a thin film of liquid between solid boundaries which it wets, should 
act as a solid. The author accounted for the behaviour of glass under rupture tests on 
the supposition that fine cracks were inevitably present, and showed experimentally 
that fre^y drawn glass threads were much stronger than older ones. The hypothetical 
cracks were in the body of the material. 

196. The jj^ittle F^ctnre of Metals. Hall, E. O. Journal of the Mechanics and 
Physics of Solids, July 1953,1 (4), 227-33. A study has been made of the theory of the 
brittk fracture of metals, where plastic deformation arises during the cleavage process. 
By the use of X-rays, the magnitude of this plastic work has been investigated on single 
crystal and polycrystal cfeavage surfaces. A theoretical study has also been made of the 
dqjth of the plastic rone in single crystals with varying crack velocities. X-ray pictures 
and photographs. 16 refs. 

197. Crystals without Dislocatioiis. Hardy, H. K. Research, Land., 1955, 
8 (2), 57-60. Sin^ dislocation-firee crystals in the form of whiskers are found to grow 
on some metals. These have exceptionally high tensile strength, hi^er than that by 
other methods of formation. The effect of dislocations on stress/strain relations is 
discussed and the dislocations and movement are illustrated diagrammatically. 
Whiskers of pure iron may have tensile strength of 400 tons/sq. in. The ‘paradox’ is 
complete. A conventional single crystal containing dislocations hzs the lowest resistance 
to deformation. A perfect (dislocation-free) single crystal or one of suitably chosen 
exceedin^y small dimensions will have the highest possible resistance to deformation. 
A rode of small crystals is stronger than one of large crystals. Dislocations will pass 
across crystal boundaries, although crystal boundaries may act as dislocations. 

198. StrcBgffi Plastics and Glass. Haward, R. N. 1949, Qeaver Hume Press, 
London; Interscience Publications, New York. Generally agreed that glass breaks 
only under tension. Confirmed by Preston F. W. 1926, Poncelet 1944. Discusses 
br^age caused by surface cracks. Curves corroborate this—^breaking stress v. depth 
of crack, but this does not agree with Griflith. Jurkov showed that silica fibres baked 
out and broken in vacuo were 3-4 times as strong as untreated fibres. Preston showed 
that stien^h varied with large humidity changes. Jurkov showed that H.F. etching 
improved the ^rength of ^^ass. Preston, F. W., J. appl. Pkys., 1942,13, 623, has shown 
that over a complete range of results over a factor of 10^ in time, the bending strength 
of glass varies by a factor of 3, and is not confined to any particular type of test. A 
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satisfactory theory for a time factor does not yet exist. But Harries, Holland and 
Turner, J, Soc, Glass Tech,^ 1940, 24, 46, put forward the empirical equation: strength 
varies as (l/time)J, where y is empirically determined, y has been dctcrmiiKd as 
11 *9 and 12*8. A more thorough theoretical understanding of the process of rupture is 
needed, particularly as the existence of an unexplained time element introduces doubt 
into other measurements. The aspect is complicated by view on ‘slow deformation" 
(which may not even exist since viscosity is so high). Clmpter VL Impact Strength of 
Plastics and Glass. Major Theoretical Factors: (1) time, (2) delayed elastic stress; 
(3) adiabatic straining; (4) weight factor; (5) vibrational str^ses; (6) other effects, e.g. 
grips, notches. Pp. 146-200, 63 refs. Griffith and Thomas found a Imear relation 
between thickness and impact energy of fracture. The several factors which cause 
differences in energy absorptions under impact and under static conditions form one of 
the major problems of impact testing. Time factor static/impact can be lO^. The time 
factor for fracture effect occurs with glass and must be considered in every theory^ of 
impact strength. It can only be neglected for a narrow range of conditions. 63 refs. 

199. Ultra-fine Structare of Coals and Cokes. Hirst, W. Mon, Bull, Brit, Coal Util. 
Res, Ass., Nov. 1943,7 (6), 201-8. Report of two day Conference at the Royal Institu¬ 
tion, June 1943. 

200- Commercial Proiribms of Size Rednetfoo. Hurno, G. F. TomndustrZtg, 1953, 
77 (21/23), 365; Zement-Kalk-Gips, 1954, 151-9. The behaviour of solid material 
during the size reduction process depends on its fine structure, i.e. on the crystal 
lattice and the linkages which exist between the individual crystals. It has been shown 
that not only are ideal lattices encountered with uniform, empty spaces, but also 
damaged and defective places and occluded foreign bodies in the lattice, and that in 
the environment of these places tl^ linkages are weakened. The linkage spectrum is 
obtained by graphical plotting of the fin^uencies of the various linkage strengths, by 
various experimental methods. Electron microscope examinations which allow of the 
perception and investigation of the details of the structural formation to be obtained 
down to 50 A certainly allow no postulations regarding the linkage strengths but do 
provide information regarding their space arrangement. The oscillatory frequency of 
the lattice atoms can be obtained from the Raman spectra and this is a function of the 
linkage strength. By means of small angle X-ray methods, information can be obtain^ 
regarding the sizes of the internal specific surfaces and the linear dimensions of the 
particles obtained. By a fractional loosening of the linkages it is possible to induce 
merely a separation of the weak linkages. With mechanical and test prc»cesses, it is 
po^ible to establish divergences between the theoretical and the actual rupturing 
strength present. The observations on the course of a milling size reduction proems can 
be represented by six milling functions of which each gives a provisional representation 
of a definite characteristic of the milling. These are: Throughput characteristic. Fre¬ 
quency, Mill flow. Reduction movement. Milling characrteristic. Formation charac- 
t«istic. With continual milling, a region is reached in which the miil no lon^r reduces, 
but begins to weld together the smaller grains to larger ones. A miHmg equilibrium is 
attained, at which the characteristic of a powder is no longer <hanged by further 
milling. See also Staid), 15 Sept. 1954, 37, 363-71, Huttig and Sales. Reproduced in 
English in Cement, JJme dc Grav,, Feb. 1955, p. 410. 

201. Fractodi^ and Fracture Dynamics. Irwin, G. R., and Kies, J. A. Weld. J, 
Easton, P.A. (Research Supplement), Feb. 1952, 95-103S. Fracturing begins at flaws 
and is aax)mpanied by considerable plastic deformation. The progressive extension of 
a fracture requires little driving energy, whidi may, however, be assessed. It is shown 
that cracks start slowly until rate of energy flow into the crack from released stress 
field becomes greater than the work require fay new area formation. Then the crack 
becomes unstable with spontaneous accekration until, if sufficient energy is avaiial:^. 
the velocity approadbes that of sound and branching occurs. Photographs showing 
internal flaws and propa^tion of cracks. A curv’e shows how av*erage crack velodt>- 
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increases with increasing initial stress. The dependence on shape factor of the rate of 
release of stored elastic energ>’ is illustrated. 9 refs. 

202. The Physics Cry stals, Joffe, A. 1928, McGraw Hill Book Co., New York. 
198 pp. Discusses the mechanical behaviour of crystals and the electrical properties of 
both single crystals and solid dielectrics. The ability of minerals to deform like metals 
has been shown repeatedly. 

203. A Study of the Iidiiieiice of Temperature cm the Mechanical Strength of Glass. 
Jones, Prof. G. O. Thesis for Ph.D,, University of Manchester, 1941. The paper 
includes a long review of the papers of 18 authors from 1859 on the phenomena and 
theories of the fracture of glass. For abstract see under Glass. 

204. The Formation of Mkrocracks. Karpenko, G. V. C.R, Acad. Sci. U.R.S.S. 
(DokL Akad. Nauk^ S.SS.R.\ 1950, 74 (1), 95-8. Rehbinder showed that the greater 
the surface energy of a solid the greater the difficulty for the solid to form new 
microcracks. Surface active agents, by lowering the surface energy, aid the formation 
of new microcracks. 

205. Merpretation of Fractoe Markings. Kies, J. A., Sullivan, A. M., and Irwin, 
G, R. /. appL Phys.y July 1950, 21, 716-20. Many materials such as coal, plastics, 
metals, show the propagation of cracks by the joining up of independently initiated 
fractures. A number of characteristic fracture markings are explained. 

S^reogfii Prc^i^ties and Frictfonal Behaviour of Brittle Solids. King, R. F., 
and Tabor, D. Proc. roy. Soc. A, 22 April 1954, 223 (1153), 225-38. Under hi^ hydro¬ 
static pressures, brittle fracture is prevented, marked plastic deformation occurs and 
the plastic yield stress reaches values very much greater than the bulk shear strength of 
an uncompressed specimen. Experiments were conducted with rock salt, lead sulphide 
and ice. 20 refs. See also Joffe, No. 93. 

2Q7. Stmcture Study of Fracture Pbentmiena. Leeuwerk, J. and Schwarzl, F. 
T.N.O. Nieiiws^ Delft, 1955,10 (9), 367-72. A translation may be consulted at D.S.I.R. 
Ref. Records Section, 25772, With aid of a series of photographs and diagrams 
obtained from the fracture surfaces, under tension and bending of rods of ^ass, steel 
ai^ polymethyl-methacrylate, the authors show how a fracture begins at a point 
origin at a weakness due to inhomogeneity; how the fracture fronts from secondary 
and tertiaiy point origins produce relief patterns s imilar to hyperbole or parabole by 
intersection with the primary front and each other; and how the interference lines, 
"Wallner lines’, produced by ultrasonic waves, spontaneously and intentionally 
produced, can serve for calculation of the speed of the fracture front. A brief discussion 
of the effects of ‘Griffith’ cracks and the relation between the theoretical and observed 
strength of glass and steel follows. 20 figs., 5 refs. 

208. Plastic Defonnatioa of Crystals as tiie Result of Motmn and Displacement* 
Letoeried, G. Z. angew. Phys., 1954, 251-3. 

Study of Mi^stime-Cmid^isatioii Patterns on Glass and Crystalline Siniaces. 
Levengoc®, W. C. J, Amer. ceram. Soc., 1955, 38 (5), 178-81. A method was devised 
w’hereby moisture condensation (breath) patterns on g^lass and crystal surfaces could 
be examined under the microscope and photographed. The patterns were markedly 
infiuenced by the fracture patterns and structure of the underlying surfaces. The 
tedmique was appl^ in a detailed study of minute surface fracture patterns and 
Griffith flaws. Experiments were made showing the type of fracture patterns produced 
on gl^s by various mechanical n^ans. Variations in surface structure produced by 
polishing, etching and otho: treatments were also studied by this method. The evapora¬ 
tion of moisture film was prevented by covering at once with a small chamber, about 
1 '5 mm in height, made from a glass slide supported on teflon walls. The chamber was 
heated slightly before cov^g the film. 20 photos, 7 refs. 
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210. RandcMii fracture of a Brittle Solid. Lienau, C C /. Franklin InsU 1936,221 (4), 
485-94; (5), 673-86, 769-80. In this important mathematical treatment, a brittle solid 
is defined as one whose tenacity is small in comparison with its rigidiiy. The inner 
structure is discussed, and it is postulated that there may be both a coirsc and fine 
structure. The formation of a fissure and the \elocity of stress propagation is discussed 
from a theoretical standpoint. The brittleness is defined by UI3K, that is the ratio of the 
ultimate static tension to three times the bulk elastic modulus. A mathematical theory 
of random fracture is based on these conceptions. The size distribution of the particles 
resulting from crushing thin brittle rods was found to be in agreement with tl^ 
theoretical reasoning, but the theoretical efficiency of cm^ing did not exceed 1-2%. 

211. Dislocatioiis and the Theory of Solids. Mott, N. F. Nature^ Lond.^ 7 Feb. 1953, 
171 (4345), 234-7. The article is based on three si>ecial lectures by the author in the 
Univ. of London in November and December 1952, and outlines the developments in 
the attempt first made in 1934 to describe plastic flow of solids on the basis of crystal 
dislocations. About 40 refs. 

212. Phyacs of ffie Sk^ State. Mott, N. F. Advmc. 5c/., Land,, Sept. 1955,12 (^, 
148-56. The paper deals with self-diffusion in n^tals, the two methods of estimating 
the frequency of jumps in atoms, tl^ occurrence of ‘vacancies’ in the lattice, and the 
formation and significance of ‘holes’ in tli« work hardening, strengffi and fatigue of 
metals. 

213. The Physics of Powder Systems. Nassenstein, H. Chem.-Ing,-Tech., 1952,24 (5), 
272-6. The properties of solids in relation to crystal stnictuie and their relations with 
surface energy and comminution are disclosed. The effects of surface imperfections on 
the strength of solids is described. 

214. Fracture and Streugffi m SdMs. Orowan, E. Rep, Frogr, Phys.^ 1949, 12, 
185-232. A discussion of the phenomena and causes of fracture of various kinds and 
with various materials. The fundamental aspects of the laws applicable are considered. 
Orowan gives an extensive review and attributes tt© varying results to size effects, 
p. 198. 

215. The Bdttie Fracture of Ferrous Matalais. Patch, N. J. British Iron and Steel 
Research Association. Alloy Research Committee Report No. M.G./A/I07/40, 1940. 
The dependence on physical, chemical and granular properties is discussed. 

216. Fat^ue of Metals. The Rdatioii of Experimaad, Theory and Practical Faihre. 
Phillips, C. E. Times Science Review, Summer, 1955. Fracture under a once applkd 
load always exhibits ductility. Fatigue fractures exhibit brittleness at least over part 
of the surface. Progress demands that the fracturing process be unckrstood. There is a 
critical value of stress range, below which most ferrous metals, and some others, will 
not fracture, however many times applied. No material is really homogeneous. There¬ 
fore results vary. Tbs extreme difficulty of calculating stresses near faults (holes) is 
described. Practical technique is difficult because stress is so hi^y localized, A fatigi^ 
crack begins at the surface and works inwards. A single scratch may have a pronounced 
deleterious effect. Cold roiled screw threads have about double the fatigue strength of 
machined threads. Cold rolling and heat treatment, nitriding, shot peening, etc., 
provide better surfaces for withstanding cracking under fatigue tests. So far not one 
theory has been found wfaidi will account for all known facts. 5 figs. 

217. Fractmre and ConmlmitkKi ai SdSds. Poncelet, E. F, Trans, Amer, 

Inst, min, {metalL) Engrs, 1946,1^, 37; Tech, FuU, Amer, Inst, Min, Engrs, No. 1684, 
1944; Ceramic Abstr,, 1944, 23, 202- Glass squares compressed on edge hy steel jaws 
in poor contact with th^ devdoped ja^ed ‘partial-contact’ cracks cai^ by the 
formation of local tensile stresses. Comisessed by steel jaws in perfect contact, they 
developed anooth ‘release cradcs’ on release of pressure. All these cracks were parallel 
to the pressure. A Mkroflash photc^ph of a disintegrating specimen uiKier sufficient 
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pressure reveals a network of fractures roughly normal to each other, together with 
‘release cracks’ and a disintegration cloud. The Griffith theory is amended to account 
for tl^ formation of a first crack. A new theory, based on the theory of thermal 
agitation and wave propagation, is proposed to account for the progress, velocity, and 
forking of cracks. Ihe network of fractures is shown to have been caused by reftection 
at a free boundary of pressure pulses emanating from a first crack. Postulating equal 
distribution of energy in the pulses emitted on either side, the smaller fragments are 
shown to continue fracturing preferentially, while some of the coarser fragments 
remain as residual pieces. As comminution of the smaller fragments proceeds, the solid 
is reduced to a collection of residual particles of smaller and smaller sizes, accounting 
for the disintegration cloud. 

218. On ffie Flae Structure of Ckys. Robertson, R. H. S. (Glasgow). TonindustrZtg, 
1951, 75, 2-6. An investigation into the relation between the fine structure of various 
earths ti^ir physical propertks, e.g. pl^ticity, etc. 20 refs. 

219. ExtensioD Of Griffith's Theiny of Rupture to Three DunoirioDs. Sack, R. A. 
Prac. Pkys, Sac,, Lond,, 1946,58,729-36. Griffith’s theory of rupture of brittle materials 
is extended to materi^ containing circular cracks. It is found that (a) the tensile 
strength of Imttle material in one direction is not affected by stresses at ri^t angles to 
it, (b) the result differs from Griffith by a factor depending on Poisson’s ratio of the 
material, and lying between 1*57 and 1-81 (Griffith, Phil Trans., 1921, 221, 180), 
9 refs. 

220. Disiocatioa Ihecuy, Phuies of Weakness, Sor&ce imp^ectHns and the streiigdi 
of material. Smekal, A. Handbuch der Physik, und Technical Mechanik, 1931, 4 (1); 
4(2). 

221- The Pre^perties of Brittle Skdids. Smekal, A. Ergebn. exakt. Naturw., 1936, 15, 
107-88. An extensive investigation into the stren^ of brittle solids and their resistance 
to breakage. Surface energy, ‘molecular strength’, and the effects of surface cracks in 
relation to strain are discussed and illustrated. 145 refs. Surface imperfections lower the 
strength as calculated from crystal structure from 1/100 to 1/1000 of the calculated 
values. Theoretical Bases of Fracture Ebenomena, pp. 109-37. Solid Properties of 
Glass, 1 ^. 137-75. Solid Properties of Crystals, pp. 176-84. 

222. Picture Theoiy Brittle Material. Smekal, A. Z. Phys., 1936,103, 495-525. 
effects of thermal and non'-thermal stress are analysed. Effects of stress on homo¬ 
geneous and heterogeneous solids analysed. Photographs in illustration. 50 refs. 

223. Theoretical Bases Sfre Reductibn. Smekal, A. Verfahrenstechnik, 1937 (1), 
1—4. The l^ieakage theory for compa<^ brittle solids developed by the author provides a 
numerical criterion for the grindability of simple homogeneous materials. It also 
embraces all the facUnis ofit Irhidi the reduction depends. The important points in the 
theory are discussed. The factors are: the mature and maxiTmim value of the stress 
iwpos^ the t^nperature, and the structure of the specimen. Photographs show the 
breaking of a glass fibre under tensile stress where a surface crack started a lateral 
fracture, and secondary fracture surfaces on the main fracture surffice. 

224. P h n to ie nt aTs erf Grmdhig Hard Materials. I^^ekal, A. Z. Ver. dtsefu Ing., 
1937,81 (46), 1321—6. The progress of fracture In rock salt and glass is illustrated by 
photographs taken by sodium li^t. The relatirm between energy consumption for 
indrvMual fractures and for colkcdve reduction is discussed, both being less than i% 
of the total energy consumption. Many processes intervene between the source of 
energy and the ai^Hcation to the product, and so ^Sdency is reduced. 

225. Rednetioa of Cribic under Pressmo. Smekal, A. Verfahrenstechmk, 1938 
159-65. It is stown how the nature erf the breakage and the size distrilaition 

erf ti» product can be irodicted. Fonner results have ^wn the relationship between 
size distribution, particle rize and surface area. The present investigation shows how 
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appropriate is the cube for demonstrating ti» brealdng properties of brittle materials, 
lli mechanism of breakage is illustrated diagrammatically (siKXcssivcly smaller 
particles according to distance from the two pressure surfaces, upper lower) 
and photographically. Stress diagram. 32 refs. 

226. Dislocation Theories of Strel^ and Plastkity. Stepanov, A. V. Research, 
Land,, 1956,9 (6), 227-36, Translation by R. Hardbottk from BulL Acad, Sci. U.R,S.S. 
{Izv, Akad, Nauk S.S,S,RX 1950 (7), 1062-70. The fundamental principles underlying 
existing dislocation theories are discussed and criticized. Efforts hitherto to explain the 
origin of dislocations of regular crystals have not been successful. The author prqpos^ 
an alternative approach to the study of the strength and plasticity of crystals, on the 
basis of which he surveys possible types of local deformation arising in the centre of 
dislocations of an anisotropic body and some propertks of local deformations. 
13 refs. 

227. The Framaticm of Cracks in Plastic Ekw. BL Stroh, A. N. Froc, ray. Sac, A, 
22 Nov. 1955, 232 (1191), 548-60. Tbs detail^ medianism by which a pikd-up group 
of dislocations generates a crack is considered: it is suggested that a cr^ arises from 
short range non-Hookian interactions of dislocations at the head of the pile up, and a 
model is developed. It is ^own that a crack can be initiated by a smaller number of 
dislocations in each of several slip planes. This may be important in diK:tile materials. 

228. Att»ni^ to Estatdisii a Mathematical Theory of Brittle Fractse. Svekssek, S. 
Tidskrift far Teknisk Vetenskapelig Farskmng^ Ingeniorsvetenskapsakadoiiiens, 1955, 
26 (7), 326-7. Appendix to a lecture held before the Royal Swedish Welding CcWnis- 
sion, 5 Dec. 1955, on ‘A Survey of the Brittle Fracture Problem with reference to* 
Future Research’. A short survey is presented of attonpts by Griffith aiKl later insti¬ 
gators to ^tablish a mathematical th^ry of perfectly Irnttk fracture. Equations arrived 
at in the course of this survey demonstrate the physical irrelevance of these attempts. 

229. Mediaiiisin Fracture of Glass and Similar Brittle Sohds. Taylor, N. W. 
/. appL Phys,, 1947,18,943-55. A theory is proposed which connects the stress required 
to tueak a brittle material in simple tension, with its duration of application. Defini¬ 
tions of ‘brittle’ and other materials are given. The slow process preceding fracture is 
shown to be the orientation of an atomic network contain^ in an elementary prism of 
atomic length. r=XoElf where Eis Young’s modulus and Aa is the critical elongation 
required for fracture. Tbs possibility of viscous flow preceding fracture is discussed. 
28 refs. 

230. On Cracks and FissoKS. Their I^yskai Nature and SIgiifficaBce. Tjerada, T. 

Rep, Inst, phys, chem, Res,^ Japan,^ 1931, 16, 159-71. Rupture of a solid body under 
mechanical stress is a subject which has evaded attack by physicists. The literature is 
scanty. The author quotes: S. Suzuki, Prac, pkys,-math. Sac,, Japan 1921,3,168; 

Hirata, M., Bull, Inst, phys, chem. Res,, Japan, 1929, 8, 52 (European work is quoted 
here); Taguti, R., Bull, Inst, phys, chem. Res., Japan, 1931, 10, 110. (1) Static and 
dynamic cracks. (2) Cracks and electrons. (3) Cra<±s and crystals. (4) Discontinuous 
absorption phenomena. 

231. Fati^ of M^als. Thornion, P. Discovery, 1955, 16 (9), 374-6. At inclusions 
or weaknesses, the local stress may be hi^r than ^ applied load, and be raised to a 
value in excess of the elastic limit. Plastic deformation and work hardening will then 
result and cause a more even distribution of the applied load. Every str^ ai^Iication 
causes some slip and work hardening, Le. when the metal can ^form no further. 
When fiiUy work haidoied, the absence of deformation results in cradc formation in 
the locally brittle matoiaL Occe formed, it can grow by stress formation at the cradc 
tip. Vibrations in metals always damp down. This implies that the mechanical energy 
is converted to another form, partly as heat The lesidi^ may oontrilmte to the rupture 
of the metal. Certainly m^als hdisvm in fatigue in accordance with their dancing 
capacity. 
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232. History of the Strengtii of Materials. (With a brief account of the history of the 
thecary of ela^icity' and theory of ^nictures.) Timoshenko, S. P. 1953, McGraw Hill 
Publishing Co., 439 pp. Chap. 12, section 73, pp. 358-62. Fracture of brittle materials. 
This section deals with the strength of glass, principally tensile strength. The tensile 
strength, of the order of ICH Ib/sq. in., is found to be only 1/30 000 of the forces cal¬ 
culated to be i^cessary to disrupt the molecules. Griffith's theory concerning the effects 
of cracks and ageing is then discussed, and Griffith's experiments are quoted. The 
results are then quoted of the experiments of E, Joffe on rock salt crystals, where the 
large smoothing effect on tensile strength is so marked. If the strength of brittle materials 
is affected so much by the presence of imperfections, it seems logical to expect that the 
value of the ultimate strength will depend upon the si23e of the specimens and become 
smaller with increase of dimensions, since the probability of having weak spots is 
increased. Evidence in confirmation of this size effect was furnished by WeibuU, in 
which it was found that the tensile strengths with geometrically similar specimens 
varied inversely as an exponential of the volume ratio. Foppl’s work is then quoted, 
wi^re the usually observ^ three dimensional compression as a result of friction on the 
surfaces under compression, was avoided by lubricating these surfaces with paraffin, 
so that on compression the cubical specimen failed by subdividing into plates per¬ 
pendicular to the lubricated surfaces receiving the stress. The end effect can also be 
eliminated by compressing cylinders whose height is two or three times the diameter, 
and also by using conical plungers, whose angle is equal to the angle of friction. 

233. Tbe Fracture of Metals. Tipper, C. F. Meiallurgia, Manchr,^ 1949, 39, 133-8. 
A survey of the subject. 

234. Effect of Capf^ Meffiods and End Conditions before Capping, upon •the 
Compres^ve Strength of Concrete. Troxall, G. E. Proc. Amer. Soc. Test, Mater,, 
1941, 41, 1038. 

235. Uaie Structure in Fracture Surfaces. Wallner, H. Z, Phys,^ 1939,114, 368-78. 
The intersecting curved lines on the fracture surfaces of glass rods are discussed. It is 
suggested that these might provide a means of estimating rate of propagation of the 
fractures, but quantitative data are not yet forthcoming. 


SURFACE phenomena:surface energy 


236. Cntshh^ of Single Partkles of Crystalline Quartz. Calculated values for Siuface 
Eneigy. Axelson, J. W. and Piret, E. L. Industr, Engng Chem, {Jndusir,\ 1950, 42 (4), 
665-70. 


ergsl Method 

sq, cm 


Edser, 1922 

Martin, 1926 
Fahrenwald etaj.y 1931 
White, 1943 


920 Van der Waals equation. Density, Cubic expan¬ 
sion of quartz. 

510 Energy to convert silica to gas. 

995 Modification of Martin’s method. 

2300 Breaking strength, specific heat, coeff. of expan¬ 
sion, distance between planes. 


Axelson and Piret iised 980 as an arbitrary value. 


237. Aggr^tk® and m Solids. Beilby, G. 1921, MacMihan, London. The 
author puts forwa^ the view that in operations such as polishing, cutting, grinding, 
the surface of particle or material acquires different properties from those of the bulk. 
This ‘Beilby Layer’ may be a vitrified or amOTphous layer. 

238. Effects of InMMtioii: Infibence of liqolds on the l^eaking Strei^th of Solids. 

&NEDICKS, C. Ckim, et Industr,, 1948, 103; Rev, Metall, 1948,45,9-18. Tests were 

made on the following systems: Glass in water, ethanol and turpentine; chromium 
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Steel in aqueous caustic soda; zinc in mercury. A theoretical explanation for the 
reduction in breaking strength on immersion is proposed. The effect, however, is 
sometimes to increase the breaking stress. The entry of liquids into surface cracks 
affects the breaking strength, sometimes by increasing and sometimes by decreasing it. 
Benedicks proposes an explanation based on the effect of the liquid on the cohesion of 
the solid molecules at the crack tip. 

239. Measuremrat of tiie Surface Tenskm of Solid Substances* Berdenmkov, W. P. 
Phys, Z. Sawjet.j 1933,4, 397-419. The surfaces of metals, glass, quartz, etc., have their 
characteristic properties. These are determii^ often by mechanical and thermal 
methods and sometimes by chemical means. The method for thin glass plates here 
described is to cut the surface of a very thin slip so that the crack extends through the 
thickness along a part, say 10%, of the width, and to observe the force required to 
make an initial extension of the crack. Contact with a liquid lowered the surface 
tension, particularly with polar liquid. 

240. The Surface Tetisiou of Alkali Halides. Biemuluer, J. Z. Phys,^ 1926, 38, 
759-71. The influence of the deformability of ions on surface energy is investigated for 
sodium chloride type crystals. Bom’s formulae are examined with a view to obtaining a 
general solution of electrostatic surface energy problems. 

241. The Surface Energy of Crystals and its Infhieiice on Crystal Forms. Born and 
Stern, S,B,preuss. Akad, Wiss,^ 1919, 48, 901. 

242. The Surface Energy Barium Sulphate. Bruzs, B. /. phys, Chem.^ 1930, 34, 
621-6. A calorimetric method, with diagram, is described for a set of reactions with 
barium chloride and manganese sulphate and the heats of reaction observed. Surface 
tension and surface energy have been determined, the latter up to 2^ cal/moL 

243. Physko-Chemkal Studies on Ehists, Pt. 1. A Hi^ SdWMflty Layer on SiHoeous 
Dust Surfaces. Clelland, D. W., Cumming, W. M. and Ritchie, P. D. /. appl. Chem.^ 
1952, 2 (1), 31-41. The ejBfect of pie-treatment with various solutions, acids and buffps 
upon the solubility of siliceous dusts has be^ investigated, and the existence of a high 
solubility layer has been demonstrated. Comparative solubility data have been opined 
for three silicas, olivine and felspar. The effect of additions of metallic alumimum has 
been investigated. 12 refs. 

244. Phyrico-Chrakal Studies ou Dusts, Pt 2. Ihe Nature and Regeueratioii of the 
Hi^ Sohd^Oity Layer m SSMceous Dusts. Clelland, D. W. and Ritchie, P. D. /. appL 
Chem,, 1952,2 <l), 42-8. It is shown that tb® layer is not a hydrated silica but a vitreoi^ 
layer formed during crushing and grinding. The resulting reduction in density is 
attributed to partial conversion to vitreous silica and not to other crystalline modifica¬ 
tions. 13 refs. For Pts. 3 and 4, see under Cumming, et aL, I>iist Hazards. 

245. The Effect of Boundary DIstortioa on the Siaface Energy of a Crystal Dent, 
B. M. PhiL Mag,, 1929, 8 (7), 530-8. It is shown that for a series of alkali halide 
crystals, it is the deformability of the surface ions whidi largely controls the distortion 
at tl^ surface. 

246. The Solubility and Surface Energy Cakimn Siitpiiate. Dundon, M. E. and 
Mack, E., Jr. /. Amer, ckem. See,, 1923, 45, 2479-85. Hulett’s work (Z. phys, Chern,, 
1901, 37, 385) is repeated and the method extended to several other substan^ to 
obtain reliable values for their surface energy. A discussion on errors of calculation of 
surface energy found in the literature is given. (Calcium sulphate tends to become 
dehydrated during grinding.) This factor is of importance in relation to the solubility 
of finely powdered calcium sulphate. Working with particles 0*2 mu and 0*5 mu in 
diameter a value of 370 ergs/sq. cm has been calculated for the surface energy of the 
dihydrate. A theor^cal discussion precedes die experimental part. 

247. The Effect of Water Adsoeptiou oa the Slreag^ of KaolWfce Cou^pmrts* Dolu- 
MORE, D. and Gregg, S. J. Tmns, Brit, Ceram, Sac,, 1955,54 (5), Compacted cakes of 
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caksNim carbonate at 9980 Ib/sq. in., and kaolinite 3260 ib/sq, in., were found to 
diminish in breaking strength proportional to the vapour pressure in the case of 
kaolinite and suddenly in the case of calcium carbonate, when exposed to increasing 
vapour pressures. A decrease of surface energy is involved by penetration of water 
\^x>ur into the surface cracks (as with glass) and thus a decrease in strength. The 
surface energy increases on removing water vapour, due evidently to sealing up the 
cradcs by solution. 

248. The Cooceiitration of Minerals by FtotatHm. Edser, E. Advanc, Sci.y Lond.^ 
1922, 281. The author gives the surface energy of quartz as 920 ergs/sq. cm, derived 
from the use of Van der Waals equation, the density and thermal cubical expansion of 
quartz. (Cf. Martin’s calculated value 510 ergs/sq.cm, based on the assumption 
(dubious) that the work required to reduce quartz sand to the size of the molecule would 
be the same as that required to convert silica to a gas.) (Both values are probably too 
low; Fahrenwald, 1931.) 

249. CoQoid and CapOiary Chemistry. Freundlich, H. 1926, Methuen & Co., Ltd., 
London. On pp. 102 and 155 et seq,^ a summary of the work on surface energy of solids 
by indirect methods is given. 

250. Pbywo-Chanical Stndies on Dusts. Gibb, J. G., Ritchie, P. D. and Sharp, 
J. W. J. qpp/. Chem,, 1953, 3 (5), 213-8. Amorphous layer on the surface of silica 
particles. See under Size and Surface Determination. 

251. Effect dfAdsorptioii on the Strei^ of Brittle Sdids. Gregg, S. J., Dollimore, 
D. and Dbsai, A. (University College, Exeter.) Nature, Land,, 29 Oct. 1955, 176 (4487), 
819-20. Conference of the British Society of Rheology, Exeter, Sept. 1955. After 
summarizing the general theory of the subject, recent experimental work on the 
strength of compacted discs of compressed powders, broken in vacuo and in controlled 
atmospheres, was described. Adsorption isotherms had been prepared for discs of 
calcium carixmate, kaolin and boric acid powders. Strengths were measured under 
states of adsewption and desorption and graphs showed the relation between strength 
and surface energy as the latter diminishes by adsorption of water vapour. The effect 
was not produced by adsorption of benzene vapour, althou^ the latter is strongly 
adsorbed. The difference in behaviour is attributed to the larger size of the benzene 
molecule, which therefore cannot enter the cracks as done by water vapour. See also 
under Dollimore. 

252. Determloatkm of the Spedfk Grarity of Salts and of die Temperature 

Coefficiefits of tfadr Midecnlar Smface Energy. Jaeger, F. M. and Kahn, J. Proc, 
Acad, ScL Amst, 1916, 19, 381-97. Methods are described, especially the hydrostatic 
method for high melting point solids. Limitations are mentioned, and results tabulated 
for a large number of salts. 

253. DdbmmtioQ and Str»gth of Crystals. Jofee, A. Z. Fhys,, 1924, 286-302. A 
rode salt crystal tested while under water was found to have a tensile strength approach¬ 
ing that calculated from theory, i.e. 16 000 and 20 000 Ib/sq. in. respectively. See No. 
93. 

254. The OdculatioQ the Surface Energy and die Enagy of Twinning of Calcite. 
Kaner, F. j. exp, theor, Phys, (ZL eksp, tear, Hz,), 1939, 9, 212. The only values for 
surface energy which yield efficiencies at all approaching those determined from the 
associated energy values are the author’s figure for Calcite and the Kuznetsov and 
Kudiya^va figure for rock salt, where the determinations were carried out as with a 
ball mill method. 

255. Experimental Detemunadon of the Spedfic Sinface Enagy of Rock Salt 
Ciy^als. Kuznetsov, V. D. and Kudryasheva, —. Z. Phys,, 1927, 42, 302-10, The 
specimen is mounted on a vertical rigid surface. A safety razor blade in a horizontal 
position is set to toudi the crystal face and a rectangular weight supported by four 
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thirds $iQ>plies a blow after bemg swung from a known distance. The calculated 
energy of the blow is divided between the surfaces produced. Alfmiativcly the blade 
is fixed to the swinging weight, but this is found less satisfactoiy. Surface cneigy valu^ 
varfed from 1 *5 to 56 ergs/sq. mm. 

256. The Specific Energy and Heat Sdkdioii of S<did Sodnmi Odoride* Lipsett, 
S. G., Johnson, F. M. G. and Maass, O. /. Amer. chem. Soc,^ 1927,49, 925-43,1940. 
A new type of calorimeter is describe for small quantities of material to determine 
the heat of solution from high to very low concentrations accurately. The caloiktions 
are based on the measurement of the heat of solution of ordinary crystalline sodhim 
chloride and that of finely divided salt of the same concentration. Factors influencing 
precision are discussed. 

257. The Surface Energy ci Solid Sodhaii CMoride. m. The Heat of SoiidloB of 
Finely Groimd SodiEun Chloride. Lepsett, S. G., Jchhnson, F. M. G. and Maass, O. 
J. Amer. chem, Soc.^ 1928, 50, 2701. D^cribed results when NaQ was ground in an 
agate mortar and air elutriat^. (Contained no SiOi by analysis.) Particle shoe was 
measured by means of photomicrograph- ‘The heat of solution was detOTnincd at 
25® at a concentration of 4-62% with tliee different samples of salt.’ 

Heat of solution of finely ground NaCl 


Sample 

Heat of 
solution 1 
(calorie^ ! 
per mol.) | 

Difference 
in heat of 
solution 
(calories j 
per md.) 

Diameter 
oi average 
partide 
(mu) 

1 

-903*7 

24*9 

1*3 

2 

-903*6 

25*0 

1*2 

3 

-887-9 

i 

40*7 ; 

i 1 

1*4 


Column 3 gives ‘the dijBerence between the heat of solution of coarsely ground sodium 
chlori<k (928*6 calories/mol.) and the finely ground salt as measured’. From previous 
work sublimed salt 1*3 mu diameter ‘would have approximately a heat of solution 
only 11 calories le^ than that of coarse salt’. The large difference is attributed to the 
unevm surface of ground NaO, mioroscopic examination showing sublimed salt to be 
regular in shape and to have smooth surfaces. 

258. Scuiace Energy Ihvest^tioiis. Marun, G., et aL See under Fundamental 
Aspects, General Papers. 

259. The Smface T@askm Skrfid Bodfes. OsiWAm, W. Z. phys. Chem. 4, 1900, 
34,495. 

260. Sedid Sur&ce Energy and Cakrhnetrlc Detannhiatioii of Stafiace Eneargy 
RriatiojBsis^ fca* Some Conmon Minerals. Schellinger, A. K. Min. Engng^ N.Y., 
1952, 4 (4), 369-74. The i^w surface formation as ctetennined by the Brunau^- 
Emmett-Teller adsorption isotherm method was equated to the net energy input 
determined in a lead shot tumbling null calorimeter. The plotted graphs were found to 
be strai^t lines passing throu^ the origins, the slope varying for each mineral. The 
minerals used were: quartz, p^te, cakite and sodium chloride. In addition the energy 
per unit surface area produced was found to be in order of the hardiiess of the minerals- 
Theoretical surface energies, 107 000, 60 000,32 400 and 26 100 for the minerals resp. 
were very much higher than the theoretical values. No reason was found. Agreement 
was much closer when srnface tensions (of carbonates and oxides) were calculated 
from vapour tension n^easuiements, based on the use of the Gibbs-Tbomson equation 
for the enhanced vapour pr^suie of partides of less than one micron. The surface 
tensions were found to be of the order of 100 000 to 750 000 dynes/cm. 19 lefs. See €dm 
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Tzentnershver. K. L. Sutherland, /. AusL chem. Inst., 14 July 1947, states that surface 
energies for ductile materials such as copper and gold were found experimentally to be 
much higl^r than for quartz and pyrites, but casts doubt on their validity. 

261. A Contribution to tiie Study of Flotatkm. Sulman, H. L. Trans. Instn Min. 
MetalL, Land., 1919-20, 29, 63. Every increase in surface area of a solid is represented 
by a corresponding increase of surface energy and in the creation of a fresh surface 
l«at is also absorbed. If the surface be enlarged adiabatically a liquid will be cooled. 

262. The lalbience of Partkie Size upon die Dissociation Pressure of Solid Substances. 
Tzentnershver, M. and Krusitnsons, J. Z. phys. Chem., 1927,13,187-92. The disso¬ 
ciation pressure of very fine carbonates and oxides enables an estimate of its surface 
tension to be made. 

ABRASION GRINDING 

263. Abrasion Resi^aiice and Smface Free Boundary Energy of Solid Substances. 
Engelhardt, W. von. Naiurwissensckaften, 15 Oct. 1946, 33,195-203; Industr. Diam. 
Rev., 1950, 9, 366-9; 10, 19-23. A standard method of testing abrasion characteristics 
is described, and consists of estimating the loss in weight of the prepared sample when 
pressed under a known load on to a revolving steel disc, abrasive powder lubricant 
being added at known rates. A simple formula is derived equating the loss in weight 
with other data. The relation between tensile strength and abrasion resistance is 
discussed and found from the data to be approximately linear. The relation between 
hardness and tensile strength is discussed. With the former, deformation is the con¬ 
trolling factor; with the latter it is attrition of a rigid substance, and this is related to 
tensile strength. The very large variations in abrasion strength in presence of various 
lubricants is discussed, being, e.g., nearly double for quartz and water than for quartz 
and oleic acid. The need for careful choice of lubricant is pointed out. Its influence in 
all kinds of comminution, grinding and abrasion processes is pointed out; the author 
claims that the choice of coolant or lubricant should be made on theoretical grounds in 
relation to surface energy of the material and gives examples of such choice. {Industr. 
Diam. Rev., 1949, 369.) Smekal, 1931, pointed out that strength properties, owing to 
the integration of the s.f.b.e. into strength values, must be dependent on the sur¬ 
rounding medium. Smekal also gives a complete survey of previous experimental data 
on this subject (Kohesian der Festkorper in Handbuch der Mechanik, 1931, Anerbach 
and Hart, 4/2, 1-153). This is supplemented by the work of Rehbinder and other 
Russian investigators who have shown that the surrounding medium is not only 
important in simple tensile tests, but also in mechanical comminution, scratching, 
drilling, etc. By the pendulum sclerometer (with steel points) he demonstrated the hard¬ 
ness and wear variations in different fluids. It is emphasized that following the work of 
Rehbinder the effect on comminution of solids of suitable fluids has been thorou^Iy 
investigated in Russia with a view to industrial application. Hints are found in 
Rehbinderis work, 1936. Bull. Akad. Sci. U.R.S.S., Chem. Series {Izv Akad, Nauk 
S.S.S.R., Seriya Khim.), 1936, 639-707, 740. From surface energy considerations, and 
abrasion test data, it is considered that the s.f.b.e. when grinding or drilling solids 
exceeds ^ work necessary for forming one surface unit by a factor of 10^ or 10^. 
Berdennikov, Fhys. Z. Sowjet., 1933, 4, 397. The relation of surface free boundary 
eiKigy to fluids in contact, is discussed at length, and it is regarded as certain that a 
wider knowledge of tl^ factors which influence the s.f.b.e. of a solid substance with 
regard to a fluid must be of technical inter^t. By the use of suitable fluids, capacity of 
comminution devices can be increased twice or more as compared with water, i.e. 
by using a liquid giving a low s.f.b.e. 23 refs. 

264. The Sw&ce Energy of Soms. dap. 4. Abrasioii Grmdii^ and Ihillii^. 
Kuznetsov, V. D. 1954. Gosudarstvennoe Izdatelstvo Tekhniko-Teoreticheskoi 
Literatury, Moscow. Engjish translation from the Russian, 1957, H.M. Stationery 
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Oflfice, 85 . Sd. net. Abrasion grinding and drilling can be used as a method of deter¬ 
mining surface energy of solids, being based on a relatively solid, theoretical and experi¬ 
mental basis. It also gives accurate relative values of the surface energy of oystals. 
Experin^ntal verification so far has been obtained only on crystals and polyciystab of 
alkali halides. The main part of the energy loss on grinding, 84-70% ,is converted to 
heat spent on elastic deformation, 16-30% is spent on absorbed energy, i.e. on plastic 
deformation; only a negligible fraction of the energy, 10 “^ to ICr^, is spent on 
increase of surfa<» energy. An accurately calibrated calorimeter was used for the 
determinations. Abstracted in Industr. Diam, Rev,^ 1955, 15 (178), 169-70. The 
abstract does not give the method for obtaining direct values for surface energy. 

265. Regularities of Gralu-stze DistriObiition m AbrasioB Processes as Castrated by 
tbe Friction Mining of Coal BdqpKttes. Rammler, E. Verfahrensiechnik, 1940, 6 ; 
Man. Bull Brit. Coal UtiL Res. Ass.^ 1941, 5 (2), 23. The inve^igation of abrasion 
milling, without any grinding, on various types of coals showed that the grain-size 
distribution follows the exponential law: jR= 100 e~*^, where jR=r^idue on the 
screen, x —grain size and b and n are constants. For all but lignite briquettes it was found 
that n— 1. As soon as grinding occurs simultaneously with abrasion, tl^ law does not 
hold. The experimental apparatus, data, diagrams, and figures are given. In cakukting 
the surface area, it is now the tendency to extend the arbitrary boundaries and include 
the coarser and finer end fractions even to 0 * 1 %. 

266. FreeBoiuidaiy Siff&ce Energy and Resisiaiice to GriaiiBg of Glas^ 

R. Kolloidzschr.^ 1951, 121, 71-4. Measurement of the abrasion of ^lass spheres vro 
carried out by measuring the loss in weight of ten gjass spheres of about 0*5 cm dia¬ 
meter in a ball mill over a given time, when rolted with 5 g of various hard abrasives 
and 20 c.c. of various liquids or solutions. The conclusions of W. von EngeMrt, 
Naturwissenschaften, 1946, 33, 195, are discussed in relation to present conclusions. 
These are that the abrasion resistance of a solid body depends not only, as fonneriy 
accepted, on the influence of the liquid on boundary surface energy of the abraded 
body, but at the same time on the influence of the liquid on the size of partkks abraded. 
Determinations of abrasion resistance do not lead to definite conclusions on the surface 
adsorption of liquid, and abrasion measurements do not afford a guide as to free 
surface energy. Tabular representation of results. No refs. 

267. A Physical Examination of tiie F-ropfeTcal Laws iff Comwmotioa. Wauher, D. R. 

and Shaw, M. C. Min. Engng, N.Y.y 1954, 6 ; Trans. Amer. Inst. min. (metail.) EngrSj 
199, 313-20; discussion 1106-8. The laws of Kick and Rittinger are explamed as 
functions of particle size with metal cutting theory. Comminution is shown to be 
basically the same process as m^l grinding. The madiine shop type of grinding 
operation is used to study min^^ crushing. EvideiKse indicates that plastic flow occura 
in comminution of materials ordinarily considaTed brittle. For this reason there is 
little difference between comminution proc^ses such as ball milling and madiine 
grinding, and thus it would appear that the machine grinding techmque described here 
offeis a precise for evaluation of grinding characteristics of various materials* 

In this operation, the energy consumed in partide formation can be studied under 
conditions that provide particles of essentially constant size. Analysis of data so 
obtained shows that Kidc’s law holds for very fine grinding, i.e. to one mkron. 
Rittingeris law is found to hold when the ran^ of size is relatively small. When ti^ 
data cover a consiikrable range, R.’s law predicts too small a size effect, and there is 
no apparent phj^ical bask for R.k prediction that is in agDeement with current con¬ 
cepts. 12 refs. 

GRINDING kinetics: EQUILIBRIUM THEORY 

268. Effect iff Gfiiidmg oa Pmtides. Bradshaw, B. C. /. them. Fhys., 1951, ^ ( 8 ), 
1057-9. When a material is gnouiKi for an indefinile period, a ^ge is readied wh^ 
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further grinding produces no further dbange in the particle size distribution. Relatively 
small imrtides disappear by union either with one another or with larger particles. 
The limiting distril^tion of particle sizes resulting from long-continued grinding is 
dynamic rather than static. ^\^te blasting sand was used and an increase of particle 
size and grittiness was obtained. The experiments of Bowden on frictional effects are 
discussed, and energy considerations involved in the observed shape and size changes 
of nickel powder on exposure to an electron beam are put forward. The author con¬ 
cludes from the work of Bowden, Proc, ray. Sac. 1939,169, 371, that many particles 
of 10 millimicron size become united to larger particles when rubbed between them, 
and so disappear from the distribution curve. 

269. ConmiMiiition as a Ohemkai Reaction. Gaudin, A. M. Min. Engng^ N. Y., 1955, 
7; Trmts. Amer. Inst. min. (rnetall.) Engrs, 202 (6), 561-2. A tabulated classification of 
crystals is presented. Some types consist of groups of atoms sharing electrons within, 
but not between the groups. Wbe:Te comminution involves severance of ionic or covalent 
bond, chiMnkal reaction has taken place. With extremely fine fragments cold recom- 
l^tion is possible, thus limiting the proportion of extremely fine particles in the 
product. Much work has yet to be done in t^ field. 1 table, 4 refs. 

270. The Kitties of Processes. Hirmo, G. F. Z. Elektrochem.^ 1953, 

57 (7), 534-9. (I) A review of grinding functions. A discussion as to how these, in the 
li^t of the important contribution of O. Theimer, are capable of leading to an adequate 
description and evaluation of grinding processes and phenomena. (2) The practical 
application of these functions, with graphic illustration, to reduction processes using 
fine and coarse fractions of quartz sand. (3) The consideration of ideal limits of reduc- 
tiOT processes. (4) A amtribution to tlK problem of orders of reaction in grinding 
kinstics. 

271. Hie Prdbabilty Theory dT Wet Ball MUthig and its Apidkati<m. Roberts, £. J. 
Min. Engng, N.Y., 1950, 2; Trans. Amer. Inst. min. (metali.) Engrs, 187, 1267-72. See 
under BalL urns. 

212. RecentResoItsiiitiieFididofGrlBdii^Tediiiiqiie, Sales, H. and Hume, G.F. 
TonindustrZtg^ 1954, 186. Report of a lecture delivered at the Fourth Stone and Earth 
Conference, held 2^30 April 1954 at Aachen. Following the evaluation of milling 
tests on quany sand, it is deduced that the grinding of brittle materials can be treated as 
a chemical reaction of the first order. The values of the velcxdty curve depend on the 
characteiistics of the material, of which bond strength is overriding, and on the actual 
grinding pocess. Assuming that the size of the material is very much smaller than the 
finding media, one can assume that the velocity cx)nstant for all particle distributions 
is the same. The ‘Absolute Velocity Constant’ can only be observed when no fresh 
mateial is added or finds its way in during the operation. With all ranges of particles 
to larg^ partides are fed during milling, the ‘Effective Velocity Constant’ can 
be evaluated. This increases with inoease in paitk^ size, and only reaches the value of 
the ‘Absolute Vdkxaty Constant’ with coarse partides. The conclusion is that all 
partied of a given class disintegrate in the same manner. 

273. The Orlghi dTPartidb Size DistriiNitloii and the Ihfiiieiice of Time upon it in the 
Disl^esratioa of Hard Materials. Smekal, A. Chem.-Ing.-Tech.^ 1956,28, 213. 

274. The Statistical Mechanics of Omshkg Processes. Theimer, O. Kalloidzschr., 
Aug. 1952, 128 (1), 1^. The author deals with the size equilibrium reached after a 
suffica^t period of grinding and suggests that this eciuilibrium may be analogous to 
other equilibria such as thermal equilibria. If so, then various mathematical devices 
can be applied and tl^ author derives tt^ appropriate theoretical equations. He leads 
to the conception of ‘mechanical temperature’ and deals with the phenomena by 
mdhods well-known in dealing with the thermodynamics of gases, and it is possible 
to derive the equilibrium partide size distrilmtion of the ground material. The equation 
is shnilar in form to the Rosin-Rammler equation. {KoUoidzschr.^ 1934, 67, 1.) 
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275. The Evakialioii of GtmiSmg Expenmeeibs wth tibe BA of GfwAe, 

Theimer, O. and Moser, F. KoUoidzschr^ 1952,128 (2), 68-74. 4 lefs. 

276. Kinetics of Cnis^ Proce^. Theimer, O. Kolhidb^hr., 1953, 132 (2/3), 
134-41; 133 (1), 44-50. The author attempts to develop the kinetics of crushi^ in 
formal analogy to chemical reaction kinetics. Velocity coefficients are introduced and 
orders of reactions are defined by equations. Two practical examples are discussed. 
4 illustrations, 14 refs. 


AGGLOMERATION 

277. How and Why Solids Ag^ocnerafe. Ludwig, K. Chem. Engng^ Jan. 1954, 
156-9. Some of the fundamental prindpks of agglomeration are set forth. The packing 
of particles of uniform and difEerent sizes is described, and is illustrated by the quality 
and strength of extruded products. The effects of plasticity and suxface tension are 
considered. Materials in the ceramic, mineral and chemical industries are considered. 

278. Causes of Granuktioii oi Powders. Voyuraoi, S. S., ZXionchkovski, A. D. 
and Rubina, S. I. C.R. Acad. ScL U.R.SS. (DokL Akad. Nauk SS.S.RX 1951, 78, 
307-10; Chem. Abstr.^ 1951,7846. Fii^ lamp black po^^dtr was granulated by tumbling 
in the presence of ‘germs’, Le. loBed flakes of lamp black (or otte- materials). That the 
granuktion is not due to the linking of chain-like or dendritic partkks follows from 
the observation that preliminaiy thorough grinding in a ball mill not only does not 
prevent granulation, but improves it suHnewhat Adsorbed gases counteract granulatkm; 
in vacuo it is 3-4 times as fast as in air. Chalk ainl kaolin could be granulated in the 
same way, but not sulphur or graphite. 


NUCLEATION THEORY 

279- Nudeafioii Phaimneiia. Industr. Engng Chem, (Industry 1952, 44 (6), 1269- 
1338. A symposium of seventeen papers is presented under Theoiy and Review, 
Nuckation in gases—liquids—^and solids. The latter includes a paper W. George on 
‘Nucleation and growth of flow and fracture maikings’. 

280. Nudealioii and Growth ci Flow and Fractnre Marfelags. George, W. Industr, 
EngngClwm.{Industr^^ 1952,44(6), 1328-31. A symposium on Nuckation Phenomena, 
Ms^oscqpic observations of the spatial devdc^iment of localized plastic flowing and 
fracturing in polymeric solids (and metals) are used to suggest ‘models’ of the physical 
character of microscopic processes of plastic flowing. The nature of delayed ykldkg in 
metals and polyami<te is reviewed. Spedal emphasis is placed upon the advance 
nuckation of naacroscopk flow and fracture ekments in the region of stress concentra¬ 
tion in advance of the primary flow or fracture event. This effect is illustrated in the 
growth of fatigue and creep fracture. Fracture pairs and showers are illustrated. If a 
similar process does exist on the microscopic sc^ it may well be the major source of 
slow speed dislocation multiplication. 23 refs. (The existence of a time interval between 
application of load and response of the specimen was first ckariy dOTonstrated by 
Oarke ai^ Wood, 1949, alttou^ it was ol^rved by Andrade as early as 1911.) 

281. From the Nndeatioii Vlewpoh^ New Approadk to Re^ictioD PrdMeiBS. SiM- 
ii«>NDS, W. H. C. Chem, Et^ng News, 23 May 1955,33,2206. No one has yet measured 
in the same experiment all the four quantities involved in sire reduction; i-e. work 
input, heat evolved, increase in surface energy, and the energy liberated within the 
astern. The rate controlling step may be the formation of crack nudei or ths growth 
of fractures. It is sugg^ted that the formation crack micki be treated as an adivated 
rate process and the resulting subdivision as an energy distribution problem, the latter 
being an irreversible process. 

282. Size RedoctioB as a Nadeatioii Process. Simmons, W. H. C. Chem. Eitgng 
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Frogr,, 1956, 52 (4), 139-42. Size reduction is associated with diverse operations such 
as boiling, dropwise condensation and crystallization, in that they all represent the 
formation of new interfaces. These involve the formation of a nucleus and then a 
growth process. The concept is discussed and a theoretical approach is made. 


THEORETICAL PAPERS: VARIOUS 


283. The Shapes of Particles fHHn Dfekctrk Constant Studies of Suspensions, 
Altshuller, a, P. /. phys. Chem,, 1954, 58, 544-7. The mathematical results of the 
present investigation indicate that measurements of dielectric constants of dilute 
suspensions may be employed to obtain the average shapes of the suspended particles. 
Measurements on suspensions of particles completely oriented with respect to the 
el^ric field by soir^ external force should be particularly useful. 

284. Hie Mechanism of Dilatancy. Andrade, E. N. da C. and Fox, J. W. Proc.phys. 
iSbc., Land,, 1949, 62B, 483-500. The movement of dry particles under load was 
investigated by means of the effects of the pressure of a piston on a two-dimensional 
array of uniform cylinders. The occurrence of slip planes is demonstrated and similarity 
between the movement of the cylinders and of sand under load is illustrated. 

285. The Physics oi Wind Biown Sands and Desert Dunes. Bagnold, R. A. 1941, 
Methuen & Co., London. 256 pp. An attempt to explain on a basis of experimental 
physics some of the many strange phenomena produced by natural movement of sand 
over the dry land of the earth. 16 plates, 84 diagrams. 

286. Release AnsHysas. A New Tool for Ore Dressii^ Research. Dell, C. C. Institution 
of Mining and Metallurgy, Paper No. 8, 1953. Analysis by flotation in successive short 
tim^ (1 min) using appropriate media. The method consists in working the mill to give 
an ore particle size which upon subsequent flotation gives the best recovery of copper 
rich ore. Avoids unnecessary overgrinding and indicates when regrinding of tailings is 
required, 

287. Mmeralogkal Hardness Scale. Dhttriev, S. D. Rec. Russ, miner. Soc, {Zapiski 
vsesoyuz. mineral obshchestva), 1949, 78 (4), 241-52. A new mineralogical hardness 
scale is proposed, to replace the old Mohs’ scratch hardness scale. The hardness of all 
materials is expressed in terms of resistance to penetration by a diamond pyramid as 
kg/sq. mm. The fonnula for microhardness is given and the values for some common 
minerals are tabulated. This indentation hardiKss test has obvious advantages, since 
the scale is the same as is adopted for metals. A hardened steel would give a reading in 
the range SOD-IOOO. 


288. CoSS^aos thra^ liquid Fihns. Eirich, F. R. and Tabor, D. Froc. Camb. 
phiL Soc., Oct. 1948,44,566-80. A simple mathematical analysis is made of the hydro- 
dynamic behaviour of a liquid layer interp<^d between two colliding surfaces. 


289. A Study of the Effect of GrindiBg on Kaoiinite by Tliernio-graYiiiietric Analysis. 
Gregg, S. J. Trans. Brit Ceram. Soc., 1955, 54 (5), 257-61; /. appl. Chem., 1954, 4 
(11-12), 631-2,666-74. See under Ceramics. 

290. The Study of IsodircRnatic lines in Trsax^stimt Models subjected to Extreme 
Plastic Defmnation. Gubkin, S. I. and Dubrovskh, S. L C.R. Acad. Sci. U.R.S.S. 
(DokL Akad. Nauk, S.S.S.R.), 1953,88 (5), 799-802. The paper includes some discussion 
of the phenomena in elastic and elasto-plastic materials. Photographs. 


291. The Ptiiverization Wave Qr a Coal Seam). Khrishanovich, S. A. Bull. Akad. 
Sc/. U.R.S.S., tech. sci. {Izv Akad. Nauk, S.S.S.R., O.T.N.), 1953 (12), 1689-99. 
Translation available from D.SJ.R. Ref. CIS 132, price £1 2s. net. 

292. Serfice luYestigatMm the G^er Counts in RedocticHi Processes. Kramer, 
J. Ber. dtsch, keram. Ges., 1953, H. 9. The rate of emission of ‘Exo-elektronen’ 
fmm newly formed surface of small samples of inorganic materials taken at intervals 
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during grinding in a small ball mill rises evenly to a maximum and falls evenly again. 
Since it is possible to choose a point on the falling rate part of the curve where further 
grinding would be unprofitable, it would suggest that this rapid method of test might be 
adapted to practical needs. The more well-known methods of prodiKing surface 
emission are discussed and results are presented graphically. 14 refs. A brief account 
by author in TonindustrZtg^ 1953,77,178. (At Verein Deutsche Ingenieur Staublechnik 
Tagung in Essen, March 1953.) 

293. Surface Biyesd^tkm with the £mis$loii Cowter. Kramer, J. TonindustrZtg, 
May 1953, 77 (9/10), 178. Exo-elektronen in grinding processes with examples. These 
slow electrons are not significant in themselves since they are few and variable in 
number, but they afford a means of detecting changes in surface struaure. For instance 
the progress of size reduction can be followed. Inclusions of non-metallic ingredients 
with metals can be detected after submission to X-rays, and changes in surface from 
various causes can be detected. 

294. Stress Rupture of Heat Resistuig Alloys as a Rate Process. Machun, E. S. and 
Nowick, a. S. Trans. Amer. Soc. meek. Engrs, 1947,172,386-412 {Tech. Ppr No. 2137). 
During a stress rupture test, a tensile specimen is held under a constant load until it 
breaks. Discussion. 8 refs. 

295. Hie Atomic Cmi^tutkxi of a Crystal Swfice. Madeung, E. Phys. Z., 1913, 
14,729; 1919,20,494-6. A mathematical analysis of the atomic constitution of sodium 
chloride type crystal. 

296. Measurem^ of Relative Hardness €i Fine Powder Partkdes. Matthews, J. B. 
J. Inst. Met., Feb. 1953, 6,279-85. A method of assessing the relative hardness of fine 
particles is described. The powders are dropped on to an inclined polished surface and 
the change in specular reflectivity of the surface is measured. Theoretical (x>nskieratk>ns 
derived assume spherical particles in a narrow size range. 

297. The Fracture Siorfaces erf Fkidy Powdaed Mmerals. Meldau, R. and Robert¬ 
son, R. H. S. TonindustrZtg, Dec. 1952,76, 365-8. Hie characteristics of powders are 
discussed and fiiliy illustrate by photographs. The type of breakage is classified into 
(a) waxy, (b) rupture, (c) amorphous. Recrystallization during wet grinding, slippage 
of crystal planes, shapeless breakage and the order of size of the partides are discussed. 
Where internal tension exists the size may readh down to 5-10 millimicrons but in 
absence of tension, not beyemd 30-!(X) millimicrons. For instance, quartz which has 
been under pressure in the earth can be crushed to a much finer degree than the usual 
variety. In ^scussing the vitreous layer on cnitiied particles, the author concludes that 
the absence of this (the Beill^) layer would lead to a much larger proportion of 
extremely fine particles. Work is going on elsewhere to find if the Beilby layer can be 
made amenable to inv^tigation as is the bulk of the particle. A considerable portion of 
the paper is devoted to a review of the work or conclusions of some 20 authors, 
seriatim, concerned with the surface charactmstics of crushed particles. 18 refs. 

298. Resistance to Indeatatloa and Strength <rf Pla^ Materiais. Frandtl, L. 
Z. angew. Math. Meek, 1921,1 (1), 15-20. A geometrical and mathematical analysis 
of indentation phenomena, with reference to hardness testing. 

299. ASto^TheoiyofS^tfeandDyBamfcHarifeiess.TABOR,D.Proc. rqy.iSbc, 
1947 - 8 ^ 192,247-74. The theory is derived after a consideration of elastic recovery of 
the m^al after static or dynamic bail indentatiim (with resulting shallowing of the 
indentation). 

300. A Pfiywal RyplfluatS ftii irfFngpirical Laws irfCoEMhartloB. WALKER. D. R. and 

Shaw, M. C Min. Engng, N. Y., 1954,6; Trans. Aimr. Inst. min. imetail.) Engrs, 199 (3), 
313. Seeks to € 3 q>lam the Kick and Rittir^ laws as erf partlde size with a 

metal cutting theory, with comminution is barically the same process. 
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301. He MeaOTeme^ of tibe Ekclrlcal Resistance Powders. Warienberg, H. von. 
Z. angew. Phys., 1953,5, 291-2; Chem. ZbL, 26 Jan. 1955,126 (4), 745. The powckr is 
immersed in an electrolyte whose conductivity is systematically altered. When tl^ 
powder addition fails to change the conductivity of the electrolyte, the conductivities 
of the two are equal. 

302. Tlie RelatRiQ of Cry stal Lattice Dfecontinuities to Mineral Dressing. Welch, 
A, J. E. Pecent advances in Mineral Dressing. 1953, Institution of Mining and Metal¬ 
lurgy. Mosaic structure in crystals. The nature of crystal faces, edges and comers. 
Adhesion between ciystalline solids. Energy relationships in solids containing lattice 
defects. ‘Active solids.’ Adsorption at the discontinuities. 

glass: strength and surface phenomena 

303. strength Glass and Otiier Fawres. Anderegg, F. O. Industr. E^gng Chem. 
{Industr.X 1939, 31 (3), 290-8; Chem. Abstr., 1939, U (9), 241. The author obtained 
results similar to A. A. Griffith in 1920 in the variation of tensile strength with diameter. 
15 refs. 

304. Surface Cradks m Glass. Andrade, E. N. da C. and Tsden, L. C. Proc. roy. 
Sac. A, 1937, 159, 346-55; Ceramic Abstr.^ 1937,16 (9), 272. The rupture stieng& of 
solids is only about 1/1000 of the theoretical stieiig&. The author refers to Griffith 
cracks and shows that the attack of hot sodium vapour ^velops on the surface of 
hard glasses a serks of fine lin^, which by their nature, position and direction cannot 
be attributed to mechanical scratches. These are not found with glass freshly drawn at 
high tecDperature, but are frequent when the glass has been kept for some hours. The 
arrangement of the lines suggests that they arise in directions normal to the principal 
stresses (tensions). These Griffith cracks cannot be brought to li^t by hydrofluoric 
acid, as can scratches and drawing marks. Etching with hot sodium vapour may be of 
value in investigating the stmeture of glass. 7 refs. 

305. Ihe Scratch Resistnig Power erf Glass. Bailey, J. /. Amer. ceram. Soc.^ 1937, 
20 (2), 43-52. The method of test consisted of rolling a J-in. diameter steel ball over 
the surface with increasing pressure. The pressure for the first conchoidal break was 
used as a measure of hardness. The reasoning for this is given. Illustration and diagram 
of ^paratus. 6 lefs. 

306. Attempt to Conrdate Sesne Testsfle Strei^ Measini^^Diaits. Bailey, J. Glass 
Ind., 1939, ^ (1), 21-5; (2) 59-65; (3) 95-9; (4) 143^7; Ceramic Abstr., 1940, 19 (4), 
89. Evolv^ a stren^ thsoiy on the probability of a flow being present in tb& highly 
stressed surface. These weak links have a statistkal variation in strength. 

307. PieiimiieQOii of Riq»tiire and Flow m Solids. Grifhth, A. A. Phil. Trans. A,, 
1920, 221, 163-98; Abstract in J. Anwr. ceram. Sac., 1921 4 (€), 513. Griffith found 
that the tensile strength of glass fibres from 1 to 4 and 40 thousandths in. in diameter 
varied in tensile strmgth from 491 000 to 134000 and 117 000 Ib/sq. in. respectively. 
<Cf. Preston’s rebuttal. 1954.) So did Plummer, 1938, and Anderegg, 1939. See under 
Medbanism of Fracture for fulkr abstract. 

3(^. Hie Effect irf the StaroiBidB^ Atmosphere on the Ddayed F^ractmre of Glass. 
Gurney, G. aiui Pearsc»i, S. Proc.phys. Sac. Loml., 1949, 62B, 469. Experiments show 
that water vapour and caurbon dioxide both cause delay^ fr^rtuxe in ^ass (rods) in 
balding under constant load. 14 refs. 

309. <rf Plastics and Glass. Haward, R. N. 1949, Qeaver Hume Press, 
London; Interscaence Puh&ations, New York. The mechanism of fracture and the 
infliKnce of cracks are discussed. For long abstract see under Mechanimi of Fracture. 

310. Experimental Sladles on Fcam and GrowfficrfChkksm Glass Plato (mEiighsh). 
HntATA, M. Report, Inst, of Chendcal and Physical Eesecuch, Tokyo, 1931,16, 172-95. 
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(1) Cracks produced by iinear temperature gradieiit. (2) Caatral beating by fkme. 
(3) Cracks produced by bending. Profusely illustrated. 

311. A Study of tbe InSiimre of Temperative m tbe Medtaeical Stre^^tb of Glass. 
Professor G. O. Jones, Queen Mary College, Londcm. Thesis for P!i.D. University of 
Sheffield, 1941. The tlKsis includes a long revfew of the papers by eighteen authors, 
1859 to date, on the phenomena and tfaeori^ of fracture of gjass. Features among these 
papers which may have a bearing on crushing phenomena in gooeral are as follows. 
(1) Lack of consistency in the results of breaking tests of glass plates and wide diver* 
gencies in results for pure materials, e.g. rock salt. Values for polycrystalline materiais 
are much less divergent. (2) The strength of plate ^ass is doubled when time of loading 
is reduced from hours to seconds. A reversal of this effect occurs at temperatures above 
150®C. Glass which had been loaded for a long time was immediately restored to v^ 
nearly its original strength on release from the load. (3) Compressive strength can be as 
much as twelve times the tensile strength. With gla^ rods, con^>ression cracking is 
regarded as failure under tension. (4) Tbe strength of glass iibxes is mcreased when 
immersed in liquid air, treated with hydrofluoric add, by contact with sulphur dioxide 
while annealing, by contact with certain liquids sudi as paraflm oil or sodium silicate 
solution, by varnishing, by armour plating, and by reduction in tbe depth of flows. A 
flaw depth of at least one mioron is lequir^ to cause weakness. (5) The strength after 
vacuum treatment is reduced by contact with certain liquids or their vapours, e.g. 
water, alcohol, benzene, tbe view being that certain liquids f<Mncc open tbe cracks or 
neutralize the cohesive forces. Some of tbe results azKi cemdusions are regarded by the 
author as of doubtful reliability. Glass fibres are not uniform in tensile strength. 
Even if the strengths of fine and coarse fibres prepared in tbe same way were found to 
be equal, the mudi lower tensile strength of massive ^Lass still needs explanation. 
Orientation of bubble during the drawing of the fibres could provide an ejqplanation. 
Ai to the weakening of gjass under prolonged stress, this couM be caused develop- 
meat of cracks and entry of air or other gas, which niwitralizes tbe cohesive force across 
the cracks. Tlwre is no weakening in vacuum. The strength in vacuum could be made 
permanent by treatment with certain liquids or salts. A liquid between solid surfaces 
can behave in some respects like a solid. 

312. Hie liitorpEetatioffi on tbe Stnagtb of Glass, G. O. 

/. Soc. Glass Tech,, 1949, 33, 120-37. The main conduskms of experimental work 
on tbe strength of glass are discussed from tbe point of view of tbe Griffith flaw tlKory 
and of later theories of the strength of solids. An zWsmpf is made to present a broadly 
correct interpretation of tbe pbenomKia and to suggest why other ejqilanations of 
particular phenomena may be incorrect. Use possiWe origins of flaws ate discussed 
and suggestions made as to tbe most useful directions for further experimentatioiL 
This paper embodies mudi matoial presented by tbe author in h^ thesis to Sheffield 
UnivCTsity in 1941. 24 refs. 

313. B^vioBT df Oass under Stress. Jones, G. O. Glass, Chap. 5, pp. 70-100. 
Methuen’s Monographs on Hiyskal Subjects, 1956, 113 pp. Ibeories concerning the 
mechanism of fiacture of glass are summarized and discussed, particularly with regard 
to the significance of cracks and flaws, external arni inteniaL Tbe effects on the strragth 
of giagg of gases and liquids in ccmtact, and tbe reasons put forward for these ^Bfects 
are discussed, tog^her with the efects of other surface treatments. The dhaftor is a 
concise account of tbe chief expOTmentai woric and observed phenomena relating to 
stren^ and firacture. 

314. The Ihvestigatkm of the Fractmee of Glass whh Ultraso^ AppBcatioD. 

Kerkhof, F. Natrnmssemdufien, 1953,40 (18), 478. Tbe new method of two-dimen-- 
sional investigation of fracture ofito a method of measurement where no Waling 
UnP^ are evident. Bhistration of irtofoing waves produced by breaking a glass rod,, 
while being subjected to an ultrasonic wave of 9*1 MHz. 2 r^. 
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315. The Fracture of Soiy$. Fractoe of Glass. Moore, H. Metaliurgia, Manchr.^ 
1949,39,179-81. Deals with the physical properties, surface character and weaknesses. 

316. XiidShieiice of Water Isuner^on Treatment m Tensik Stra^th of Glass. Effect of 
Temperature. Moorthy, V. K., Tooley, F. V. and Stockdale, G. F. /. Amer, ceram, 
Soc,, 1956, 39 (11), 395^. Glass rods were drawn to have middle diameters of 0*009 
to 0*014 in. of several types of glass and immersed for 24 hours in distilled water at 
temperatures 30°, 60° and 90°C before making tensile tests in comparison with 
dry (control) specimens. The increases in strength varied according to composition, 
and the times of arrival at maximum strengths varied likewise. The increases also 
varied according to the temperature of immersion and ranged from 7 to 36% according 
to the composition of the glass. Results were consistent with the \iew that chemical 
reaction may result in strength increases due to reduction in stress concentration 
potential at flaws. 6 refs. See also previous paper: Stockdale et aL Changes in Tensile 
Strength of Glass caused by Water Immersion Treatment, J. Amer. chem. Soc., 1951. 
34(4), 116-21. 

317. The Propaties of Glass. Morey, G. W. 1954, Reinhold, New York. An account 
in 20 chapters of the physical properties of glass, contains a great deal of experimental 
detail. 

318. The Fatigiie of Glass under Stress. Orowan, E. Nature, Load., 1944,154, 341. 

319. The Structure of Abraded Glass Surfaces. Preston, F. W. Trans, opt. Soc., 
Land., 1922, 23, 141-64. The author considers that in grinding, elastic stress is first 
caused, then fracture occurs. 

320. Surface Stren^ of Glass and Otiier Materials. Preston, F. W. J. Soc. Glass 
Tech., 1933, 17, 5-8. The data on fibres could be accounted for by supposing that 
the siirface actually contributed some element of strength. Condon remarked (Physics 
of the Glassy State, University of Iowa, 1953) that the figures seemed obscure as a 
matter of physics, although he mi^t agree wi& them. 

321. The Fracture erf Glass. Preston, F. W. J. appl. Phys., 1942,13, 623. 

322. Strei^tii of Glass and IhiratuHi of Stressing. Preston, F. W. Nature, Land., 
14 July 1955, 156 (3950), 55 (Correspondence). Refers to the experimental results of 
T. C, Baker report^ in J. appl. Phys., 1942,13, 623. Mechanical properties of Glass. 
In the equation^ logio (//6)=65 000 it is better to plot reciprocal /= breaking stress 
in Ib/sq. in. against log duration of steady load in microseconds. A straight line is 
obtained. If extrapolated at both ends, the following implications are seen: (a) the 
stress that can be supported for an infinitely long time is zero, (b) At very short time, 
no finite stress is sufficient to break, if the duration is less than 6 microseconds. The 
implication of (b) is not clear. Presumably the curve cannot be extrapolated too far or 
perhaps the finite velocity of sound or of crack propagation comes in. 

323. The S%oe on fhe Odber Foot. Preston, F. W. Bull. Amer. ceram. Soc., 1954 
(12), 355-8. The paper in dealing with the characteristics of glass fibres and anomalous 
t^isik strength results, points out the necessity of ensuring that the correct qi^stions 
are asked before investigating anomalies. The breaking strength of 1 and 40 thousandth 
in. diam. fibres were 491 000 and 117000 Iblsq. in. respectively. After seeking for 
explanations among various workers, flaw theories, etc., it was found that if the fibres 
were prepar^ under identical conditions, e.g. temp, and tinw of drawing, so as to 
avoid variations due to ‘forming conditions’, the tensile strengths did not vary with 
diameter. It had been found po^ible to produce fibres of up to 700 000 Ib/sq. in. 
tensile strength and of small variation. 13 refs. 

324. A Note OB the Vdodty of Crack PFOjpagatkm in Glass. Rawson, H. J. Soc. 
Glass Tech., 1952, 3€ (12), 297-9. A review of previous work. 
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325. Experimental Study of Fractare of Glass. I. Tbe Fractare Proce^ Shand, E. B. 
/. Amer. ceram, Soc., 1954, 37 (2), 52-60. A concept of fracture is developed from 
experimental data. Fractures are found to originate at flaws or cracks of finite size, 
most of which are at the surface. The mechanism is one of crack propagation which 
begii£s when the local stress at the crack exceeds a minimum value. The rate of propap- 
tion incieases with crack growth until a critical stress is reached at the crack tip which 
coincides with a limiting crack velocity. This limiting condition is identified with tlw 
boundary of the mirror surface of the fracture. From calculations to be present^ in 
Pt. II, the critical stress is estimated to be several million pounds per square inch. 
Shand quotes Littleton as having made glass rods of great strength by protecting the 
surface. He had decided that whatever was wrong was at the surface. (Ref. S. N, 
Zhurkov, Increased Strength of thin filaments, /. tech, Fhys,^ Moscow (Zh. tekh, 
Fiy,), 1935,1, 386-99.) 

326. Experimental Study of Fractee of Glass. 11. Exparfmeiital Data ia Support of 
the Concept Put Forward in Pt. L Shand, E. B. J. Amen ceram. Soc,, 1954, 37 (12), 
550-72. (1) Effect of temporary overstresscs. Data shown that such stresses may 
weaken ^ass permanently, and that this effect results from slow propagation of fracture 
flaws. Early rates of crack propagation are determined, at orders of 5 x 10”^ ft. sec. 
(2) Fracture velocities during later development of process. The velocity is not neces¬ 
sarily uniform, but is governed individually by such factors as degree of load relaxation 
occurring during the dynamic phase of the process. (3) Evaluation of critical stnss. 
Methods of stress analysis are developed from experimental data. Three sets of dato 
are found to give consistent values for a factor proportional to critical stress, which is 
roughly evaluated at 2*5 to 5 *0 million Ib/sq. in. (for the glass used). 20 refs. The works 
of A. Smekel, published in 1936, A, A. Griffith, 19Z0-4, and of Orowan and Poncekt, 
are quoted. 

327. Streogfh of Glass. Slaytbr, G. BulL Amen ceram. Soc., Aug. 1952, 276-8. 
Reasons for the hi^ strength of glass fibres are put forward. They refer mainly to the 
method of preparation. A series of photographs shows the structure at the fracture 
edges of glass flakes and on the surface of glass fibres. 

328. Dependence ofUMmateStreflgffi of Glass lEmteCiHistaiit Load, ouTen^^ 

AmMent Atmo^ilieie and Tmie. Stuart, D. A. and Anderson, O. L. J. Amer. ceram* 
Soc.y 1953, 36 (12), 416-24. An equation is derived relating the strength of glass to 
surface conditions, temperature and ambient atmosphere. The equation predicts 
a static fatigue limit, the magnitude depending on ti^ conditions. It also pi^icts 
that for large stress and short breaki^ times, the breaking strength should vary directly 
with the inverse logarithm of breaking time, 13 refs. 

329. Hie Smface of a Glass Fractee m tiie Ekctn® Microscope. Terao, NoBup 
and Shigefumi, Okada. Glass Ind.^ 1953,34 (2), 71-2. Shows that small round bodies 
appearing in the polished area around the ori^n of a fracture are possibly sub-fractures 
fom^ parallel to the principle fracture surface when glass ruptures suddenly. Micro¬ 
graphs. 8 refs. Translation from French by F. W. Preston. 

330 History of the of Materials. Timoshenko, S. P. 1953, McGraw-Hill 

Publishing Co., New York. 439 Chap. 12, 358-62. This s^on deals with the 
strength of glass. For abstract, see under Mechanism of Fracture. 

331. Elkct of Pr^wratioB Cimditioo on Tenrifc Strength oi Soda Lhne Gia^ Ro^. 
Tooley, F. V. and Stockdale, G, F. /. Anwn ceram. 1952, 35 (4), 83-5. 


quartz: surface properties 

332. He Effect of ProloBged Grifiding m the Den^ of Qaartas. Dale, A. J. Trms* 
Brit, ceram. Sbc., 1923-4, 23, 211-6. 
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333* He Sar£»:e Finely Cftxnid Silica. Dempster, P. B. and Ritchie, P. D. 
Nature^Lond,y29Msi. 1952(4300), 538-9;/. a/ip/. CAe/w,, Apr. 1953,182-92. A vitreous 
soluble layer on quartz pa^cles is produced by surface flow during grinding. The 
soluble layer is not discrete but merges into the less soluble core. The density of quartz 
is reduced on grinding. 

334. Fiysico-<!lieiiiic^ Studies on Ihists. 6. Electron Optkal Examination of Fii^ly 
Gfomid S^lka. Gibb, J. G., Ritchie, P. D. and Sharp, J. W. /. appL Chem.^ May 1953, 
213-8. Changes in surface structure brought about by removal of the hi^ solubility 
layer from crystalline quartz and fused silica dusts by 40% HF are studied by electron 
optical methods. The dbanges in pattern show that the origmal surface layer is amor¬ 
phous (estimated thickness 0'03-006 microns). There is also evidence of a layer of 
minute crystallite. The experiments were done on materials ground for many hours 
from a 70-90 mesh powder, the final size being approximately from 1 to 5 microns. 

335. Cmsiting and Ghindiiig Studies in (Quartz. Gross, J. and Zimmerley, S. R. 
Rep. Invest. U.S. Bur. Min., No. 2880, 1928. See Fundamental Aspects, General 
Papers. 

336. Heat of Crystallizatioii of Quartz. Ray, R. Chandra. Free. roy. Soc. A, 1922, 
101, 509-16. By solution of sand and of aushed vitreous silica, the author found that 
vitreous silica has a greater heat of solution than crystalline silica by 6*95 kg/cal. He 
also found that in 18 hours’ grinding 31% of the crystalline material had become 
vitrified. 

337. Ihe Effect erf Ijmg Grinding on Quartz. (Silva- Sand.) Ray, R. Chandra. 
Froc. roy. Soc. A, 1923, 102, 640-2. It was found that when silver sand is ground for a 
long time the demity becomes lowered, the fall showing that as much as 25*7% of the 
crystalline material has become vitrified. The densities found are as follows: Ungroxmd 
sand--2“638; sand ground for 15 h—2-528, crushed vitreous quartz—2-208. The 
value for the vitrified part agrees fairly well with that found from the data of the 
molecular heats of solution. 

338. The Amoiidioiis Surface Layer on Finely Gnmnd Crystallme Quartz. Sayre, 
J. G. and Michener, J. W. BuU. Amer. ceram. Soc., 1956, 35 (4), 27. The thickness of 
the amorphous (Beilby) layer was investigated with the diffraction stage of the electron 
microscope. Diffraction patterns of fine quartz particles show thickness of amorphous 
layer to be 500 to 1000 Angstrom units. There is no apparent boundary between 
oystalime and amorphous area. The layer is thinner for other crystaliine particles 
examined. 

339. Cmnparative Cru^iii^ Expaimaits with Crystalliiie and Vitreous Quartz. 
Wolf, K., Hennicke, H. and Smekal, A. Verfahrenstechnik, 1939 (4), 115-7. The 
anisotropic nature appears to have no recognizable effect on the size distribution and 
form of the crushed produrt. A large number of photographs demonstrates the 
equivalence of the two materials in their crushed product. 

size distribution 

340. Geman Standard for Grajdiic Representatikm of Size DistrSbiitioiL D.LN. 4190. 
See under Kiesskalt, 

341. Paitk^ Size and Fine GrindH^.5cf.j[i^r.^j6//^r.6'er. No. 560,1941. A selection 
of the more theoretical treatments. 1924 to date. 40 refs. 

34 2. St udy of Q-ound Materials: ThecH-etical and Exp^rmiental Ihvesti^tions on 
D^trffKitioii of Differ^ Grala-sizes in Groimd Products. Andrea^n, A. H. M. 
KoUoidchem. Beih, 1928,27, 349. Shows that increase in surface area per imit weight is 
^neraliy not suf^clent indication of the grinding, vdiile the distribution of the particle 
is; the frequency curve follows Martin’s compound-interest law; no general law exists 



BIBLIOGRAPHY 


125 


governing the distribution of grain sizra, as this distribution varies with the manner 
of grinding and with the material; and the COTipoimd-inteTOt law docs not hold for 
ball mill products. Discussion. 

343. Methods of Represaitiiig Distrihiitioci of Partkie Size. Austin^ J. B. Industr, 
Engng Chem. (AnaL\ 1939,11, 334-9. 

344. Relatioii Betwe^ the Gauss Normal Dis^rinitioii and the Dtstniw^ioii Fnnctkm 
of Rosin, Rammla: and Spedmg. Batel, W. Chem.-Ing.-Tech.^ 1954, 26 (2), T2-4. 
In practice, particle distribution is generally represented with help of R.R.S. equation, 
as a double logarithmic function of the partidte system. This function is regarded as 
applying to a ‘Normar distribution. Tliis widens the scope of application of the 
R.R.S. equation and can lead to many speculative interpretations. 

345. PossabOities of Errors la the EsdmatioD of Partkk Size DistriMioBL Baibl, W. 
ChemAng.-TecK^ 1956, 28, 81. In the manipulation, sudi as sampling div^mg, 
sieving, evaluating and presenting results, necessary for determining tiw size distribu¬ 
tion of say a heap of granular material, errors can occur sudi as demixing, agglomera¬ 
tion, etc. An attempt is made by the author to state the sources of error and to suggest 
measures for their avoidance. 

346. Stxidies in Partide Size BisbnMkm (jOetemiaatioB). itoiG, S. IngenVIdemk. 
Skr, B, (Copenhagen), 1940, (2). 

347. Determinatimi of Gram Size Clas^£k!atloii of a CrystaRme Powder by X-Ray 
DififractmL Bernard, R. and Riviere, R. C.R. Acad. ScL, Penis, 8 Feb. 1954,238 (6), 
666-9. Although not of such wide application X-ray diffiaction ^bles the charac¬ 
teristics of crystalline powders to be obtained without too miK±. difiScul^. It confirms 
the presence in ball milkd powders, of two mocks of disperskm quite distinct. These are 
(1) the dispeision produced by impact and (2) the dispersion, vray fine, produced by 
attrition. 5 refs. 

348. A Reriew of the Presait Po^tioit of Partide Scee Distrfira^ioii. Bderbrauer, E. 
and Hoenig, F. Zement, 1935, 24, 285-90, 301-5. (1) Tedmical significance. (2) Graphic 
representation of sieve analyses. (3) The advanta^ of logantfamic presentation. 
Graphic interpretation of surface area. Mathematical analysis of particle shape 
factors. Criteria of partide finmess. 

349. Law Goiewag the Cotmectioa between the Nfsober erf Particles and fhdr 

Diameters in Ormhed Sands. Blyih, C. E., Martin, G. and Tongue, H. 

Nature, Land., 1923, 111, 842. Law relating to continuity of pa^cle size in fine grind¬ 
ing. In every case tested it has been found that N=a€r^\ It is therefore possible to 
calculate the number of particles of any given diameter without sieving. iV=No. of 
particles of diameter x:; Nand x are variables; a and 6 are two constants, characteristic 
of the samples tested. In other words: the rate of increase, with decrease of diameter, 
of the number of particles present of any given size is proportional to the number of 
particles of that size. It becomes possiWe to calculate exactly the tli^reticai amount of 
work required to produce powders of dififerent d^rees of fineness. 

350. Onishiag C^iiodiug Characteistks as DetaniBied firom Screen Anatfses. 

B<»m* F, C. and MAXsem, W. L. Trms. Amer. Inst. min. (metail.) Engrs, 1934, 112, 
146-60. Trons. Ajmr. Inst. min. (meUdl.) Engrs, 1926,23, 253. It is shown that 

if log per cent retained <m a screen and passing the next hi^ier screen in the Tsto scale 
against log screen aperture, the curve for the finer sizes of a homc^fiiieous crusher or 
mill prndiirf: would be a Straight line. In the present work, ordind numbers are assigaed 
to the Tyler standard scale. The log/log plot is a straight line as in Gaudin’s wo^ ri^ 
down to coHoid size ran^. If the material is not homogaoeous, tl^re will be variation. 
The slope of thft curve depends on character of ore and conditions. An mcrease^ in 
slope shows a decrease in power lost in overgriiKiing. The prraeiKe <rf a hard ^ind^ 
fradion and suitability of grinding conditions can be shown. Equations are given for 
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computing surface area and percentage of unground fines. Examples are calculated. 
Six requirements as items of information are stated, and importance of knowing 
the size distribution is stressed. They are (I) size distribution, (2) presence of a hard 
grinding fraction, (3) location of natural grain sizes, (4) presence of different materials, 
(5) amount of very fine material present, (6) surface area. 

351. Control of Partkie Shape and Size, Bond, F. C. Chem, Engng^ 1954, 61 (8), 
195-8. The shape factor is discussed and a means by sieving is given for finding dimen¬ 
sions B and C, the dimension A (length) not being assessable by screen analysis. The 
relation of work input to particle size is discussed, and the Gates-Gaudin-Schumann 
distribution represented by the equation: y- lQOixjK)^—SO(exlp)'"y where j=per cent 
passing any size x, K is the size 100% passes and m is the slope of the plotted line. The 
fundamental size distribution law of crushed and ground products was apparently first 
discovered by Gates, Trans, Amer, Inst, min. {metalL) JE^jgrs, 1915, 52, 875. The size 
distribution line for work equivalent product has a slope of 0-5. Using Bond’s theory, 
each regular size fraction of a homogeneous product represents an equal amount of 
work. 5 refs. 

352. The Graphic Representatkm of the Size Distribution of Fly Ash. Braukmann, B, 
TonindusirZtg, 1954, 78 (13/14), 213; Verein Deutsche Ingenieur Tagung, Staubtechnik, 
Bad Kissingen, 1954. The results obtained by two methods, sedimentation and air 
elutriation, are compared and discussed. The available results do not yet give clear and 
reliable indications of size distribution, and a collaborative effort is proposed for revising 
the methods with a view to clarifying certain gaps in the field. 

353. The Kinetics of Grinding Processes. Brenner, R. and Vidmajer, A. Kolloidzschr., 
1955,143 (3), 154-61. On the assumption of continuous grain size distribution, general 
eqmtions for residiK of grindii^ processes of first and second order are established and 
their general mathematical significance is discussed. Tbeimer’s equation giving purely 
exponential time dependence of residues is verified or extended and made more precise. 
Grinding proc^ses with more general log time dependence of residues can be inter¬ 
preted as second order processes. Rosin-Rammler grinding without sintering, however, 
is of first order type, for it is shown that for pure comminution, the dispersion parameter 
must be independent of the time of grinding. 3 refs. 

354. The Rosin-Raimiiler Size Distributioii in Groimd Powders. Brenner, R. and 
Vidmajer, A. Metall, May 1955,9 (9/10), 395-403. In powder metallurgy, it is important 
to know all the powder characteristics in relation to methods of preparation, not only 
from the more obvious point of view of the quality of the finishe d article, but from 
that of manipulation during the pressing or extrusion processes in making the finished 
article. It is shown mathematically and graphically how the Rosin-Rammler formulae 
can represent the varying size distributions of powders and can emphasize the salient 
features of the distribution. The effects of particle shape on the results are discussed. 
Applications of the formulae during the grinding process can serve to indicate whether 
the proc^ is oi^ of simple grinding, or whether aggregation is occurring. The R.R. 
formula is empirical and cannot be derived from an elementary fracture law. 8 refs. 

355. G^eralhced Law of Size Distribution. Brown, R. L. J. Inst. Fuel^ 1941,14,129. 
The product of ideal repeated fracture is a combination of products of simple firacture 
eadi of wfaidi follows the Ideal Law. The size distribution is therefore a sum of exponen¬ 
tial terms, which are shown in the preset paper to be approximated with remarkable 
accuracy the Rosin-Rammfer relation. In* this approximation, the distribution 
constant, n, is almost independent of the reduction ratio of the breakage, so that n 
may be used as a measure of the number of complete cycles of breakage that a broken 
product has undergone. 

356. Matrix Aiia^y* Maciaiies for Breakii^ CoaL Calloot, T. G. and Broad- 
bent, S. R. Bit. Coai Util. Res. Ass. Document C/4945, 1955. See Nos. 32 and 
36. 
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357. Ai^licatkm of the Logarifliink Normal Law of Distrifoiitkm to the Cakiiktiow 

ihe Granulmnetric Characteristics of Commiimted Chernyi, L. M. €.R. 

Acad. Scu U.R.S.S. (Dokl. Akad. Nauk S.S.S.R.), 1950, 72, 929-32; Abstract in 
Chem. Abstr., 1951, 45 (6), 2287i. It is kno^n that the dimensions of the i^ides of 
the original material largely determine the granulometric characteristics of the <x)m- 
minuted material. Here the logarithmic normal law of distribution with variable 
magnitude of dispersion is stated and examined. From the known constants of the 
granulometric curve, the total yield for any particle dimemion may be calculated. A 
table is given showing analyses for various rocks and granulometric characteristics 
calculated by different formulae. The method giving the most exact results is that with 
variable magnitude of dispersion, based on the logarithmic normal law of distribution 
of particles during pulverization. 

358. Fitting Bimodal Partkk Size Dktribiitioii Curves. Dallavalle, J. M., Orr, C. 

and Blocker, H. G. Industr. Engng Chem. 1951,43, 1377-9. Mati^matical 

procedures for describing bimodal size distributions arc considered. 

359. Mathematical Descriptioii of Certain Breakage Medianisiiis. Epstein, B. /. 
Franklin Inst., 1947, 244 (12), 471-7. The observation that particle size distrilmtions 
obtained from some breakage processes (e.g. relating to coal) appear to be logaritfamico- 
normal has been examined, and in an attempt to find an explanation the author has 
constructed a statistical model, which he discusses. 

360. Statistical Aspects of Fractiae Proirites. Epstein, B. J. appL Fkys., 1948, 19, 
140 - 7 . por crushing and grinding operations particle size distributions have a marked 
tendency for log size to be normally distributed. 

361. Ix^garidunko-Notmal DistriObutloQ m Breaks 6i Solids. Epstein, B. Industr, 
Engng Chem. (Industr), 1948, 40 (12), 2289. A statistical model is constructed for 
breakage mecha nis ms and a breakage process is conceived of as depending on two basic 
functions, a probability of breakage function and a weight distribution function, 
which are considered. The distribution function Fn!(x) after n steps in the breakage 
process is asymptotically logarithmico-normal, a form of distribution frequently 
observed. 

362. Partide Sze DIstributkm of Pro&icts Gromd m a Tohe MiBL Fagerholt, G. 

G.E.C. Gads Forlag Copenhagen, 1945. 217 pp. 65 refs. Translated into English by 
E. Christensen. The author has undertaken a caitical analysis of the formulas proposed 
which are intended to represent size distribution of ground products. In orckr to test 
whether experimental data follow a certain law it is necessary that the error of the 
experimental method should be known. SiiK5e the literature has little to say concerning 
the error of analysis, it has been necessary to undertake a statistical investiga¬ 

tion of the errors involved in sieve and sedim^tation analyses. The errors in san^)IiBg 
and in counting were also investigated. The grinding experiments with a ball mill are 
described and the size distribution of monodispeise and polydisperse materials 
and other solids ground for various periods are presented in tabular form and used to 
test the formulae of Martin, Haywood, Weinig, Rosin and Rammkr, Gaudin, Raller, 
Hatch and Choate. It was foimd that none of these formulae poss^ the validity claimed 
or universal validity for the size distribution of a ball mill prodiK^, and i^either has 
the more g^ral formula, of which these individual formulae may be regarded as 
special cases. A more extensive investigation of the pa^ck size distribution is made with 
the aid of the transformation method, an account being given of Kapteyn’s the<»y for 
the occurrence of skew distributions in the growth process. Formally, one can ha^y 
regard size distribution as the result of a growth process; hmoe it is probably imp^il^ 
from the transfonnation functimi to draw condusicms with respect to the grinchng 
process itself, but owing to its simplicity, the m^hod is of great advantage in the 
mathematical treatment of the preset pr^km. The author, after numermis attonpts, 
did not find it possible to prove or disprove Rittmger’s theory. Since it is imposal^ 
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to (kteonine how large a proportioa of the energy input to a tube mill is of benefit to 
the actual grinding process, it is in principle impossible to test the validity of Rittinger’s 
tbeory with tube mill experiments. He also points out the doubtful value of testing 
surface area by means of solution of quartz in hydrofluoric acid as used by Gross and 
Zimmeriey and Martin. He criticizes the validity of Andreasen’s finding that surface 
does not increase in proportion to time of grinding and presents a detailed treatment 
of the variation of parameters with time of grinding. 

363. Dust Techniqiie. L Graples, Eqtmtkms, Characteristic Quotient Fhihel, £. Jiadex 
Edsch^ 1952 (6), 235-54. If the results of a dust analysis are to compensate for the work 
and expense of obtaining them, the proper selection and application of the method 
must be supplen^nted by adequate representation and interpretation. A few distribu¬ 
tion curves of dusts are presented in the conventional manner and the advantages and 
drawbacks of graphs with varying co-ordinate scales are discussed. As many particle 
distributions can be described satisfactorily, though only approximately, by an exponen¬ 
tial equation, it is possible to find adequate expressions descriptive of dusts. The subject 
is treated almost entirely mathematically. 9 refs. To characterize a dust the author 
proposes the term ‘Kennbruch’, which is a ‘characteristic quotient’, and is the 
quotient of the X axis values corresponding to residues 100/^ and lOO/Jc respectively. 

364. Dust Techuiqiie. IL Medhmi Size Particles. Febfel, E. Badex Rdsch.^ 1953 (6), 
8-26. For dedusting technique, a variation from the normal statistical approach to 
paitkle size distribution is desirable, especially with regard to interpretation of ‘mean 
values’. A mathematical and graphical treatn^nt of the subject is presented. 15 refs. 

365. Dust Tedmiqiie. lEL Fine and Skiqpafine Particles. Feieel, E. Radex JRdsch.y 
19^ (7/8), 239-55. Stress is laid on the importance of size and number rather thaTi on 
wight, when considering matters of hygler» or disease. The harmful and harmless 
siiffis are discussed, and investigation is made into the size distribution of sub-micro¬ 
scopic particles down to less than 1 mu. It is suggested that in a normal distribution of 
particles, a deficiency occurs due to the r^tance to separation as particles becon^ 
smaller. This may explain the defickney where solid particles are concerned, but can 
hardly do so where atomized liquid solutions (NaCI) are concerned, for the results 
from this and from analyses of dry rock drilling dust both follow the well known 
exponential law in a satisfactory maimer. Tl^ lack of sufiicient data from micron and 
sub-mioron sizes is discussed. 

366. Fresmtatikm and hiterpretaficMi Size DistribiiticMi. Feifel, E. Radex Rdsch., 
1954 (7/8), 237. Criticism by H. zur Strassen, ibid., 1955, (1), 345-8. See under StrossQn. 

367. Investigations into the P^ormance erf and Grinding Apparatus. 

Fhot*, R. Baurnaterialienkunde, 1904 ,9 (11/12), 161-85. The paper is mainly concerned 
with the size distribution of various products and concludes that the smaller the pro¬ 
duct the z^rer the approach to a generally applicable law of size distribution. 

368. Gradii^ Agge^tes. 1. Mathematical Relathms fear Beds of l^ken Sedids of 

MaxiD^ Furnas, C. C. Industr. Engng Chenu (Industr.), 1931, 23, 1952-88. 

3^. An Invest^tfon mto Pheoomaia. Gaudin, A. M. Trans. Amer. Inst, 

min. (metaU.) En^s, 1926, 73, 253-313; Qmrry, 1926, 31, 289. The information 
concOT^ comminution is condensed into sevecal rules which would be of use in 
deveioiung a s^tematic theory. Eight rules are given. For homogeneous the 

peroeato^ wei^t of grains of various sizes and the sizes tl^mseives follow a 
law, DisMbution curves are pr^ented for products from various crushers, 79 curves in 
all. Vaiyi^ conditions in feed and milling are represented. He conclucks that when a 
logarithmic size curve of a crushed product from a sized feed is not a strai^t line, the 
rode is hetero^^us in character, i.e. under conditions that yield a straight line for 
quartz. A hump in a curve indicates a pi^rferential breakage action. Quartz and iime- 
stone were used for the majority of the expmments. The expression for the straight 
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line portion of the curve makes it possibte to deteonine valu^ for -200 mesh. The 
steeper the line tl^ less the amount of fines. Surface calculations vary greatly with the 
slope of the line. Theoretical efficiency figures based on surface energy values ran«e 
from 6 to 25%. 

370. Princij^ of Commiinitkm—Size and Sifffftce Distrimdon. Gaudin, A. M. and 
Hukki, R. T. Trans, Amer, Inst, min, (metalL) Engrs^ 1946,169, 67; Tech, PubL Amer, 
Inst, Min. Bjigrs, No. 1779. Previous results are correlated with new experimoital 
data obtained with a special singk-impact pendulum crusher and a system of gas 
absorption for surface measurement. It is shown that size distribution in a crushed 
solid is represented very closely by a straight line on a log size versus log % undersize 
plot. Divergence from the straight line occurs with the larger particles, and reasons for 
this are suggested. It’is argued from these relationships that surfaces in each of a 
series of size ranges of fixed ratio are equal, and this equality of surface is danon- 
strated experimentally. 

371. A Theory of die Size DistributioB <^Partides m a CommkHited System. Grieftth 
L. Canad, J. Res,, June 1943, A. 21,57-64; ScL Abstr. A, 1943,46,202. It is shown that 
the problem of size distribution of particles in a system that has been ground can be 
treated by the general methods of the theory of probability. The mattonatical pro¬ 
cedure is identical with that used in statistical medianks of gases, althou^ the funda¬ 
mental ideas are different, as the molecules of a solid arc not free to move. The distribu¬ 
tion laws agree with empirical laws for particles of sizes down to 1 mu, but proof of 
the theory will depend upon study of size distribution in colloidal systems. 

372. Gfindiiig Functioiis and the Kinetics of Crushing Processes. Huthg, G. F. and 
Moser, F. Planseeberichte fur Pulver metallurgies June 1954, 2 (!), 15-9. Review of 
literature covering throu^put characteristics, frequency of grain size distribution, 
rate of grinding and rate of change of grain size distribution. 11 refs. 

373. The Daivatioai^^pedficSm^ace from Paitidte Size Distri^^ 

and Matz, G. Z, Ver, dtsck Ing., 21 Jan. 1951, 93 (3), 58-60; Summary in 
TomndustrZtg, 1951, 92. The authors have re-evaluated tlK Rammler surface area 
formula with modifications based on Heywood’s form factors. They have shown how 
specific surface area can be derived from the Rosinr-Rammkr-Bennett distributiem 
graph and have tabulated the calculated idealized values based on n and d\ for use in 
calculating the actual surface firom the equation: 0==fjs.0k-i^', where O*.,*. is ^ 
idealized surface shown in the table, /is the shape factor and s is the specific gravity. 
5 refs. 

374. New Tiwsigirf Mo Particle Size Distrixiticie Grapiis and Smifisce TaNes. 
Kiesskalt, S. Z. Ver, dtsch, Ing„ 11 Dec. 1952, 94 (35), 1137-^. Since the normal 
piesentatkm of size distribution does not give an adequate representation of ^ 
powder characteristics, greater r^ianoe is placed on the Rosin-R amml er curves, whi^ 
also serve for the calculation of specific surface, knowledge wfaidi is of equal importa^ 
with tKat of size distribution. The presentation of size distributions by the Rosm- 
Raminlmr-Speriing straight lines in a douWe logarithmic graph has been exteiickd to 
Inc lu de speoal distributions (one size missing, one size predominant, dassi&d distribu¬ 
tions), for wb^h lines devlatiiig firom the straight are drained. Hie application of 
thes e new curves to distributions obtained in various gmicters or pulverizers is 
discussed. Nme refamices to the Works of Kiesskalt, Wddenhaminer, Hanssen, 
Anselm, Honig, Davies, Sznekal, Pufie. 

375. TleNewGezmmaStotodfortheGrapfakR^preseuiaticmitfStolMstri^^ 
ICrESSCALT, S. International Congress on Ore Dressing, Gosiar, May 1955. GeseHschaft 
Dmitscher MetalUmtten und Ber^kute/Clamthri-Zdlerf^ The author discr^es ^ 
Rosin RanMiilm' S^periiiig Bennett presentarion of rize distritation, the system now bring 
incorporated in D.I.N. 4190. The method oi calculating the surface area fixan the 
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R.R. line is described and shown graphically, O^d' having been previously calculated 
and shovm in correspondence with the n values. O is then calculated by 0^fjs,0\ 
(Puffe), where/is the Heywood form factor and 5 is the specific gravity. Certain anoma¬ 
lies and problems, such as one size missing or increased are discussed and it is shown 
how the evaluation by the method given is subject to much less inaccuracy than the 
sampling and sieving data themselves. Deviations from mean values of specific surface 
are calculated. They increase sharply with increasing d' and decreasing and can 
reach 30% for a normal range of n and d\ In the English summary of this paper, the 
author states that about 80% of mechanically disintegrated products of all kinds can 
be represented by R.R.S. lines, and the surface areas can be shown on further peripheral 
scales, as shown in the main paper. The r^triction of surface determinations to R.R. 
straight lines by this means has led to suggestions, mostly complicated mathematically, 
for deriving the surface from ‘ofF-size’ gradings. Weidenhammer, Stange, Langemann 
are quoted. The author has tried to evaluate such curves by considering respective 
portions of such curves and working in small ranges. This is easily done by introducing 
a ladder scale into the system of co-ordinates. Feifel has also considered other means. 
The smallest value of n hitherto obtained is 0-4. It can be said that the value of n for 
one and the same material is not changed by machine treatment. Rammler made use 
of this fact to investigate whether the fineness of grinding of coal mills could be pre¬ 
determined, or whether large deviations can be arranged. He also shows that n must 
lie within a certain band and that specifications outside this band can not be met. 
The system of co-ordinates thus proves to ofifer great possibilities; its further use is 
likely to be greatly extended because the progress here referred to h^ only been made 
during the last 2 or 3 years. The paper presents a review of recent work. 1 graph, 
15 refs- See also Z. Erzbergb. Metallhuttenw, 1955,8,637, and Stauby 1956 (46), 515-6. 

376. How You Can Predict Product Screen Ai^yses. Klovers, E. J. Engng Min, J., 
June 1949, 150, 80-1. Shows how estimated screen analyses of the products to be 
expected from a given crusher or grinding mill can be made with considerable accuracy 
when a scaeen analysis of the same material is available at a size not too far removed 
from that of the ^ired product. The graphical method is illustrated. 

377. Ohserratioiis oo the Co-ordinate System of Rosin and Rammler, Kneschke, A. 
Bergakademie (Frciburg-i-Sachsen), 1954, 6, 535-41. The author has examined the 
relation between the concepts ‘fineness’, ‘uniformity’ and ‘progr^ in grinding’ on 
the basis of D,LN. 4190 particle size dis^bution, and has found a functional correla¬ 
tion between n and by the introduction of the concept ‘surface distribution’. The 
matter is not yet fully elucidated. 

378. On the Grain Size Distdlmtioii of PaiTmzation Processes. Koppe, H. Nachr, 

Akcd, mss,y Gottingeny 1946 (2), 119-22; Scu Abstr, Ay 1949, 52, 876. A theoretical 
derivation of the formula: /i(r, t) const where n(x:, /) is the number of particles 

of size X after pulverization has continued for time /, and 7z(x) is a function approx, 
varying as tte mass of the particle. This r^ult is almost independent of the method of 
pulvraization used. 

379. He DIstrimtioii of Partide Sizes. Pts. 1 and IL Kottler, F. /. Franklin Inst, 
1950,250(4), 339-356 (5), 419-41; 1951,251 (6), 617-41. In this paper the older litera¬ 
ture on distribudon of particle sizes is reviewed critically. The distribution law should 
be connected with the law of growth of crystals, for which is chosen the exponential 
law as Galton indicated long ago in an analogous case. The law which then follows 
is the so-called Logarithmico-Normal law. In the application of that law to experi- 
mraital data, graphical analysis by means of special diarts is generally used. It is shown 
why this purely graphical method should be replaced by an algebraic one, such as is 
used, for instance, in isychophysics with a shnilar problem. 

380. Grailtical Form for Appiyiiig the Rosin and Ranmikr Eqimtkm to Size D£st^^ 
fioB Brdren CoaL Landers, W. S. and Reid, W. T. Inform, Circ. US. Bur. Min.,, 
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No. 7346, 1946. 5 pp. Sizse distribution in broken coal obeys a law expressed by the 
Rosin-Rammler equation. Bennett’s modiJBcation is the basis of a graphical representa¬ 
tion of the sieve analysis of coals. A printed form is described, the significance of equa¬ 
tion constants is disoissed, and examples are given. 

381. Compfitaticm of the Specific Sisrface of Dt^persoi^ La>ki£Mann, H. ChemAn^, 
Tech.^ 1955, 27, 27. An idealized specific surface of dispersoids with salient R.R.S. 
characteristic curves and arbitrary integration limits is calculated by means of incom¬ 
plete gamma function, and the Ei function. Surface tables are given which make it 
possible to read off the idealized specific surface with practical integration boundaries. 
They widen the boundary scale of tl^ product surface as applied in D.I.N. draft 4190 
for these boundaries. 

382. Size D^tribution in a Randomly Fractored Solid and its Ai^ilkatioB to Coal. 
Manning, A. B. /. Inst, Fuel, 1952, 25, 31-2. Study of the effect of grinding Ufwn 
particle size distribution. The latter is not static, but varks, and leads to the Rosin- 
Rammler law of distribution. 

383. Researdies on the Theory of Fine Grmduig. Pt. 1. Martin, G., Blyib, C E. and 
Tongue, H. PamphL Brit, PortL Cent, Res, Ass, No. 4, 1924. Increase in the number 
of particles per unit increase in diameter is plotted against diameter. The areas between 
the curve, X axis, and any two of the adjacent ordinates is numerically equal to the 
number of particles between the corresponding diameters, 

384. The Cimipiitatioa of file Cnefiniig Effidency of Tidie Milis. Pearce, S. H. and 
Caldecott, W. A. J, chem, Soc, Aft,, 1906,7, 72. Discusses the importance of the 
average size of fine material, giving results based on mean average and avera^ from 

E. J. Laschinger’s formula: 2 * 3026 ^ 0 ^ 1 /^ 2 ' maximum and 

rniTiimnm diameters respectively. 

385. Mathmatkal Evaloatioii of Size Fre<peiicy DistrfiNfikMi dT Pmtides in the 
Sdx^e Range. Peterson, E. E., Walker, P. L. and Wright, C. C. Bull, Amer, Sac, 
Test, Mat,, 1952,50 (183), 70-5; Abstract in TonindmtrZtg, 1953,77, 348. A method is 
proposed for the calculation of surface area and weight distributions from microscope 
size frequency measurements, wherein the necessity of assessing a mean diameter 
to represent the size interval has been obviated. The method permits the microscopic 
classification of particles into broader intervals than usually recommended, thereby 
reducing tl» time to convert partictes, especially when the sample contains a wide 
ran^ of sizes. In this method tlw size frequency data arc plotted in terms of the cumu¬ 
lative number of particles greater than a size x, from which intermediate values can be 
interpolated, if required. Equations are set up whidi may be integrated between any 
interval limits to determine the surface area of that interval. A statistical analysis of 
count data for coal samples at sizes from 1 to 100 mu, indicates that reproducibility 
is sufficient to warrant the use of the method and formulae. 

386. GrapIiicalFreseirfaticmaiidEfahmtioaofS^eAiialysisfix»nfiieRo^Raiiim^ 
EquatioiL Puffe, E. Z, Erzbergb, MetallMttenw, 1948, (1), 97-103. A procedure is 
described wMdi was developed in Germany, and whkh in recent years has become of 
increasing significance in American ore dressing. The method of evalua^g the equa¬ 
tion coeflGkrknts is presented graphically and also in relation to American Standard 
sieves. By drawdng a line from the origin of ihs R.R, co-ordinates parallel to the R.R. 
line and extending it to a peripheral scale, already calculated for values of n and d, the 
reading so obtained will enable the specific surface area to be calculated from the 
specific gravity and shape factor. 

387. Compai^OD the DIstrixitioQ eff Pifi?erized hfotedals with the Shoe 

Laws. Rammler, E. Verfahrenstechmk, 1937, (5), 161-8. Ihe laws of 
Rosin, Rammler and J^)eriing and Barnett’s results are discussed and the i^iper and 
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limits of validity of tbe constants are determined. The exponential law is discussed 
for coarse crushing, natural breaking, size reduction in general and for a range of 
materials. 

388. Shiiimaiiii Particle Size E^tkm and its Relatkm to flie Expcworatial Law of 
Partide Size DistiiObiitioiL Rammler, E. Verfahrenstechnik, 1942,4,103-8, 

389. CiMitrilxitioii to tiie Intaiirdation of Size Analyds by the Rosin-RanunJbr- 
Bamett Graidilcal Repces^itatioiu Rammler, E. and Glockner, E. Technik^ Berl.^ 
1952,7 (9), 555-7; Abstract in TonindustrZtg^ 1952,77 (21/22), 373. This is an extension 
of Puffe’s method, whereby the interpretation can be simplified, and whereby with a 
special paper made by Schafer’s Reinpapier, Plauen, Vogtiand, the specific surface 
can be read off. 

390. Hie Partkie Size Analysis of Cni^ied Products. Ratcoefe, A. Proc, Instn 
rmcL Engrs, Lond,^ 1950, 162 (3), 378-91. An examination is made of two particle 
size analyses which are typical of two categories of crushed products. One example 
represents material leduc^ in a hammer mill; subjected to indiscriminate reduction, 
it contains a preponderance of smaller sizes, and this is characteristic also of ball mill 
products and the small particles in the products of jaw, gyratory, and roll crushers. 
The second example illustrates the influence of the sizing action which occurs in the 
latter machines and results in a closer grading of the coarse particle fraction. These 
characteristic features are illustrated by graphs, and a mathematical basis is given for 
Gaudin’s law of particle size distribution. 6 figs. 

391. Rj^orous, Simple Mefliod of Measuring and J^ecordiug Particle Size Distribatum 
in Dispersed MaferiaL Rim, H. Trans. Amer. geophys. Un.^ June, 1952,33 (3), 423-6. 

392. I^w of Size DistributlcMt and Statistical IJescriptioii of Particulate Mateials. 
Roldbr, P. S. J. Franklin Inst.^ 1937, (223), 609-33. A law of size distribution has been 
found which relates to the weight per cent, and from this the frequency, to size of 
particle for finely divided materials; only two constants axe involved, which are easily 
found. The straight line for the relationship is called the characteristic line. Departures 
from strai^t line characteristics are discussed. Th& distribution law is found to hold 
for materials reduced by mechanical, physical or chemical means. 

393. ITie SSze Dktributioii of Powdared Coal. Rosin, P. and Rammler, E. See also 
under Coal. 

394. Hie Laws Governing the Fineness of Powdered CoaL Rosin, P. and Rammler, E. 

/. Inst. Fuel^ 1933, 7, 29-36. This is the first publication in English by Rosin and 
Rammler on this subject. The exponential law is developed mathematically and 
experimental evidence from experimental grinding in tube mills is presented in support 
of the distribution curve and formula R= The application of the formula 

permits a great reduction in the work of fineness analysis, and also the fineness 
curve to be extrapolated into the range of fineness where measurements are diJQficult. 
The law makes it possible to determine the specific surface of coal dust and therefore 
certain quantitative aspects of combustion. Curves are shown to demonstrate the 
change in shape of the distribution curve with increased fineness of grinding in tube 
mills. 7 refs. See also KoUofdzschr., 1934, €1, 1. 

395. Partkie Size DfstrSaitioii of MiS Products in tbe T^ight of the Hiemy of Prcdi- 

abllhy. Rosin, P. and Rammler, E. Kolloidzschr.^ 1934, 16. The derivation of the 

size frequency curve firom the residue curve is explained. Tte size frequency curves for 
coarsely crushed products are divided into two component curves, each of which may 
be represented by one of Pearson’s standard forms of equation, which can only be used 
to represent curves of extreme negative asyinmetiy which have no mode in the measura¬ 
bility r^on of partkie size. 

396. laws of Rospi, P. and Rammler, E. Ber. dtsch. keram. Ges., 1934, 

15, 399-415. The grain size distribution is best coined by the weight characteristic. 
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Lc. the curve showing the residue (JR) or throng (D) as a function of ^ain size (JO» 
at which (R) and (D) are determine. The following law is derived: 
where e is the base of natural logs, d and n are constants. The law proved applicable 
to amoiphous materials and to crystalline materials irrespective of hardn^ or specific 
gravity. It could not be satisfactorily applied to materials such as ordinary ground 
bricks, but is generally applicable to practically aU fir:® grinding below 1 mm. The 
authors attribute the first basic work on size analysis to Martin, Blyth and Tongue, 
Trans- Ceram. Soc.^ 1924, 23, 61, and quote Andreasen’s work (published 1930) as 
giving the most accurate and reliable information on the prodiKrts of crushing flint, 
quartz sand, felspar, barytes, iron ore in laboratory ball mills. The authors’ formula is 
shown to be closely applicable to each of these products, in a scries of graphs. 

397. Api^katioa of Rosan-Ranmilar Law to the Sizes’ m Screened CoaL 

Scott, G. S. Rep. Invest. US. Bur. Min., No. 3732, 1943.9 pp. The author presents an 
analytical and graphical method for applying the Rosin-Rainmier law to ti^ special 
case where the size characteristics obtained on one screen are recalculated to show the 
results that would be obtained on any otl^r screen. 

398. Contribution to the Theory Bafl MiDhig. Sedlatschek, K. and Bass, L. 
Powder Metall. Bull, 1953, 6 (5), 148-53. The shortcomings of the Rosin-Rammier 
formula i?/100=exp. -{—(xjFYy are discussed and a mathematical theory of milling 
processes (e.g. in ball mills) is suggested which fulfils ibe following conditions: (1) em¬ 
pirical elements are eliminated and limit s of applicability can be stated a priori; (2) the 
wei^t percentages of the firactions are considered as a function of the milling time; 
(3) the initial particle size distribution is taken into consideration. 

399. Principles ci ConmisBifion. 1. Size Distribntioii and Sor&ce Cakiidatioiis. 
Schumann, R. Tech. Pub!. Amer. Inst. Min. Engrs, No. 1189, 1940. The cumulative 
size distribution equation developed by Schumann is y = I00(xlk)^. y is the cumulative 
per cent by weight finer than size x; k and m are parameters of the same significance 
as the corresponding terms in the Rosin-Rammier equation in the form used by 
Bennett and by Geer and Yancey. An example shows how this equation fits the 
product of a jaw crusher test for sizes down to the limit of the sedimentation balance. 
Calculations show that 80% of the total new surface in this product was on particles 
finer tlian 35 mesh (about 1/25 of the jaw cru^r setting), the latter being only 12% 
by weight of the total product 13 refs, graphs. See under Jaw Crushers. 

400. The Laws of Size Distrilmtioii in CrosMag Processes. Stangm, K. Ingen.-Ardi., 
1953, 21 (SjS), 368-80. A translation may be consulted at D.S.I.R. Ref. 

Section, 22964. Equations are derived for calculating the distribution and specific 
surface of particles formed during crushing processes. In this mathematical paper, 
two types of reduction processes are studied; (1) that conesponding to a prolonged 
grinding process in which each particle is split into two in a random manx^r; (2) where 
tjFy* particle is subjected only once to a blow which breaks it into several pieces. A 
simple dim^onJfiss index is obtained to express the degree of pulverization. The 
specific surface attained is also discussed. The particle size distribution produced can 
for most purpose be i^nesented by the Rosin-Rammler-Sperling formula (1937-40), 

401. The PreseolatioR and Imtepretatio® of Partkie Size IMstrtatioii. Strassen, H. 
Radex Rdsch., 1955, (1), 345-8. A eritidsm of the artide on the same subject by E. 
Feifel, ibid., 1954, p. 237. The oitic^m does not concern the analytical presen^tioo 

size distribution laws nor the Gaussian probability distribution Table 6 ghres a 
summary of the data relating to the critical points of the characteristic curves in linear 
and logaiitfamic presentations. A comparison leaves no doubt that both the well known 
statistical dktributkm laws can only be presented ^rrectly by the loganthmic function; 
the discussiem of the fmmalae and of the surface distrilmtkm funefion dRjda =/ {&a) m 
a former paper should be lelened to. The pnoposal by Bkabrau^ aiKi Honig, 1935, 
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to use only the logarithmic presentation for size; should not cause confusion but should 
aid in simplification and clarification of the relations. It should also serve for the 
description of dusts, which largely comply with the size distribution laws. The 
frequent, although not universal, use of the linear presentation, does not invalidate the 
arguments. Habitual practice is not necessarily correct. 

402. A New Formuia for Partick Size Dfetribution of Products Produced by Com- 
mimitioii. Svensson, J. Tram, Royal Institute of Technology, Stockholm, 1955, (88), 
53 pp. (In English.) Presents a general distribution function comprising formulae of 
Gaudin, and Rosin and Rammler, which are regarded as special cases. The new formula 
is applicable to many distributions but not to those obtained by comminution of loose 
grained materials or products from fixed discharge openings. The chief practical 
application of the new formula is in test sieve calibration. An extensive table is pre¬ 
sented to facilitate use of formula. 22 illustrations, 3 tables, 3 refs. 

403. Sae Distributioo. Taggart, A. F. Handbook of Mineral Dressing, 1950, 
Wiley & Sons, New York. Sect. 19, 145-50. 12 types of co-ordinate systems are pre¬ 
sented, all of which are designed to straighten size distribution curves. The distribution 
functions of various workers are discussed and compared by data in tabular 
presentation. 

404. Partfcle Size Distribution and Medsanfem of Size Reductimi. Tanaka, T. 
Chemical Engineering, Japan, 1955,19,152-7; Chem, Abstr,, 1955,49,8575. An empiri¬ 
cal equation for determining specific surfaces, S, of ceramic materials is presented, 
using the constants in the Rosin-Rammler function. It is concluded from investigation 
that the exponential law is not of general application and a more general but 
rather qualitative distribution law is proposed. The formula presented is 
5=3-1560 *s2|o-4-2*i5/i^ where b and n are the R.R. law coefficients. 

405. The Size DistTfixidon of Broken SidMs. Taylor, J. J, Inst, Fuel, 1953, 26 (9), 
133-8. The product of the simple crushing of solid particles can be separated into two 
parts: (1) residue, which has a Gaussian distribution, and (2) complement, which tends 
to have a Gaudin type distribution, although the simple Gaudin type distribution is 
only realized for solids with a non-granular structure. Values have been determined 
for the distribution characteristics of a number of different solids: fireclay, dolomite 
iroiuoie, magnetite, quartz and coke, and the effect of size before crushing and of the 
reduction ratio is studied. The application of the results is discussed in relation to 
(a) paroduction of closely graded materials, and (b) to a product of maximum packing 
c^asity. It is not easy by crushing alone, i.e, without screening and remixing, to obtain a 
high packing density. This may explain the continued popularity of the solid bottom 
pan mill in the refractory industry, despite its inefficiency otherwise. 

406. The Floe Cmshkig of Coal and Coke. Taylor, J. /. Imt, Fuel, 1954, 27 (5), 
249-54. The application of known size distribution expressions to the products of 
crushing operations is examined, A distinction is made between coarse crushing 
where residue and corrqtlement are both produced, and fine crushing where product is 
all complement,. Only homogeneous materials such as glass, coal, clay, can be expected 
to break down to a simple grading, and then only in fine crushing operations. Porous 
or granular substances give products with complicated distributions. The conditions 
of breakdown are considered, particularly with reference to coal and coke, and the 
conditions are then related to the degree of dispersion of the crushed product, which m 
turn is the most important factor in packing density. 

4D1, Fimtonestal Laws iff Grinding. Tomss, O. M. and Yurovskh, A. Z. C.R. Acad, 
ScL U,R,S,S, (Dokl Akad, Nauk, S,S,S,R,), 1951,77 (3), 407-9. A statistical analysis 
of ore dressing with graphical representation of particle size. 5 refs. 

408. The Clas^teitlon Effect as Exlnbited 1^ file Ro^a-Raninikr-Bainett Graphs. 
Trawinski, H. Z. Erzbergb, Metallhuttenw, 1955,8 (4), 162-70. International Congress 
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on Ore Dressing, Goslar, May 1955. The distribution line for the finer fraction of a 
product runs nearly parallel to that of the feed, while that of a thickened coarse fraction 
bends downwards sharply. This result has b^n obtained from numerous classifying 
trials, both with wet and dry dressing, and also with calculated examples. The distance 
between the lines for feed and fine product is a measure of the size reduction, A large 
angle between the lir^s indicates a sharp classification and less reduction. If the fine 
product line is more horizontal than the feed line, a disintegration effect is indicated. 
Investigations to date show that the sharpness of classification can be estimated by 
the relation between the feed and coarse fraction lines, greater sharpness being indicated 
by wide spreading and additional steepness in the lower part of tl^ graph. 

409. Particle Size Distrihiitioa in Some Groimd Ceramk Raw hfatarWs. Viewlg, 
H. F. /. Amer. ceram. Soc., 1935, 18, 25. Experiments were earned out on topical 
commercial flints and felspars, analyses being made on three batch-ground fclsf^rs, 
two continuous-ground felspars, two batch-ground flints, and three continuous- 
ground flints. The batch-ground materials were found to have particle size distributions 
in the range above 5 microns, characterized by an inverse fourth power SLOj-frequency. 
The continuous-ground materials had more complex particle size distributions, which 
are related to those of the batch-ground materials. 

410. A Study of Powder and Graosilar Rm^s m a Somd Fidd. Waller, M. D. 
Free, phys, Soc, Lond.B, 68 (7), 462-71. The autiior's vibrating plate method of forming 
powder ridges on a flat surface is used to study phenomenon with graded powders of 
different densities and at different fr^i:»ncies and intensities of sound field. Found 
that distances between ridges varies as square root of particle diameter. Variables 
with greatest influence on spacing are grain diameter and frequency—not intensity— 
of vibration. 18 illustrations, 3 tables, 14 refs. 

411. CakulatHm of the Sirface Area Granular Material Accordii^ to the Rosla- 
Ramml^ Fommlae. Weidenhammer, F. TonindustrZtg, 1951, 75 (9/10), 133-5; /. Soc, 
Class Tech., 1952,36, 239. Kiesskalt and Natz (Z. Ver. dtsek. Ing., 1951,93 (3), 58-60) 
have confined themselves to values of the coefficient n above 0*6, but many operations 
necessitate smaller values, and a more detailed ccmsideration of the smaller particles. 
The results of the calculations now put forward arc dependent on the finest particles 
and on values of n down to 0-2, 

412. A Fimctioiial Size Analysts d Ore Griids. Weinig, A. J. CoL Sch. Mm. Quart., 
July 1933, 28 (3), 57- 

GRIND ABILITY 

413. GiiBdabiIity,Shattw and Oflier Tests f«rCoaL*S^ei»i£i?r Coal. 

414. Measiffem^ dfCoal Griudahffiy. Fuel, Land., 1955,34 (3), 367. A Hardgrove 
type machine has recently been (teigircd and manufaciured by H. W. Wallace & Co., 
Ltd., for measuring grindability of coal for pulverized fuel. The machine conforms to 
A.S.T.M. Test. Standard D409-37T in handbook D,5 and has been planned at the 
suggestion of the British Coal Utilization Research Association to accommodate any 
minor changes in the test which may be found desirable as a result of furtl^ researdi. 
The ‘ bowl ’ or container is a unit complete with pestle and balls, and this can be remov^ 

from the machine for filling and ^ptying. The grinding area of the bowl is also readily 

detachable. The bowl when charged is lifted upwards against a rubber gask^ and the 
pestle is rotate under the required load of 64 lb at 20 i^/min for exactly ^ 
after which the machine stops automatically and the bowl is rcmoved for examination 
of contents. 

415 PiifeiizsiM^y ci ScihslaBees. Andreasen, A. H. M., Hoeman-Bang, N. and 
Rasmussen, N. H. Kolimdzsckr., 1939, 86, 70. I^lraizability is assessed by abifity to 
form an aero susfOTsion. A powdered material is passed throng a vratical glass tube 
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45 mm inside dimneter and 2*5 m high and the time lecjuiied for the material to settle 
at the bottom of the tube is recorded. Quartz powder 10 mu fine, requires 0*7 seconds 
in a vacuum and 200 sca>nds in air, both values being calc, from Stokes law and 
viscosity of air 0*000189. Calcined flint was ground in a ball mill for 1, 3, 8, 25 hours 
and the powders tested by this method. Pulverizability number represents the per¬ 
centage of material still floating in tube after 6 seconds. Flint ground for 1 h has Pu. No. 
of 21; for 3i h, 14; for 10 h, 11; and for 25 h, 8. TWs proves that the pulverizabflity 
of a substance decxeases considerably with increase in fineness. When finest fractions 
are removed, an increase in pulverizability takes place. 

416. A Method of Ratii% the Grindabflity or Pulverizability of Coal, Developed by 
the Fee! Research Laboratory. Baltzer, C. E. and Hudson, H. P. Canada Min, Br, 
{Rep,\ 737, 1933; Fuel Economist, 1933,8, 703. A 6 lb sample is reduced by successive 
cnishings to li lb, from which a sampte of 500 g is taken for first grinding in a pebbb 
mill at 70 rev/min for 1000 revolutions. The residue on 100-mesh sieve is reground 
after making up to 500 g with original materiaL A similar third grinding is done and the 
final residue on 100 mesh is subtracted from 500 g to give the grindability index number. 

417. Standard Grindabflity Tests and CalGulatkms. Bond, F. C. and Maxson, W. L. 
Tech, Publ, Amer, Inst, Min, Engrs, No. 1579, 1943; Ceramic Abstr,, 1943, 22, 158. 
Ihe designs of the 12 x 12-in. ball mill and the 12 x 12-in. long rod mill are described 
and the results of several hundred tests on various ores are tabulated. 

418. Standard Gnndabflity Tests Tabulated. Bond, F. C. Tech, FubL Amer, Inst, 
Min, Engrs, No. 2180, 1947. Grindability data, obtained in standard ball and rod 
mills, are tabulated for a large range of rocks and ores. Eleven pages of tabulated 
data are presented on a great variety of materials with respect to standard ball mill and 
rod mill grindabilities. An extensive table of results of impact crushing tests is also given. 
Further comparisor^ are given for impact and compression strengths, additional to 
those in Tech, Fubl, No. 1895, 1946. 

419. Standard Grnidabllity Tests Tabulated* Bond, F. C. Trans, Amer. Inst, min, 
{metaU.) Engrs, 1949, 183, 313. Standard Ball Mill Grindability tests are tabulated 
for a toge number of ores and cements at 28 fnesh, 35, 48, 65, 150 and 200 mesh. 
Over 400 tests are included. Results of over 150 Standard Rod Mill tests are tabulated 
at various meshes for ores and industrial minerals. Over 80 results of impact crushing 
tests are similarly tabulated. About 50 results of comparative open circuit grindability 
tests and standard grindability tests are tabulated. 

420. The Rdative GrhidalHlity of CoaL The Stev^iscHi Clark Ltd/United Analysts Ltd. 
(S.C./U*A.L.) Grindability Test Brown, J., Ivison, N. J. and Birney, J. W. Report, 
Pulverized Fuel Conference, Harrogate, 1947. Institute of Fuel. 2 gns. Relative grind- 
ability may be stated in terms of (1) output per hour; ‘(2) power consumption per ton. 
Hie terra ‘What is grmdability’ is a red herring. The purposes of determining grind- 
ability are discussed, a short review of the standard grindability tests is presented, and 
the aims of the present serks of laboratory tests (using an ed^runner mill) are out¬ 
lined imder 9 headings, ranging from the correlation of coals with chemical properties 
to the effects of size distribution, drying, design of mills, and the petrographic consti¬ 
tuents of the coal. 

421. lie Grindabiiity of CoaL Brown, R. L. Mon, Bull, Brit, Coal Util, Res, Ass,, 
1946, IQ (1). A survey of earlier work and a discussion of methods of testing is pre¬ 
sented. The nature of the problem is outlined and the present position of grindability 
research is discussed. Tlie evidence available suggests that coal is held together by 
weak physical forces, that size reduction to a wide range of sizes may be effected by 
shattering, that it may be also effected by plastic deformation of small particles, that 
reristance is affected by ten^rature and atmo^heric conditions, and that superfine 
partiefcs (about 10 mu) are sticky. 10 pp., 35 refs. 
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422. GrindaWlity index Determined bj- tfee Bal Mil IMWboi, Brukjes, H. L. C<?m- 
bustion^ N.Y.y 1940, (5), 31-4. Shows how the ball mill nsethod for detenninatkxn 
of grindability indexes may be shortened without significant sacriiBce in accuracy. 
The relationships between grindability and friability and volatite arc presented graphic¬ 
ally. A curve shows the approximate comparison between the Hardgrove and bail 
mill methods and a tabte gives the ball mhl grindability index values for 130 coals. 
7 refs. 

423. Coal Grindaidlity. A Standard ProcediBe and a Smnrey the Grmdaldlities of 
Briti^ Coals. Calcott, T. G. /. Imt. Fuel, May 1956, 29 (184), 207-17. See under 
Coal. 

424. Correlatioii of Grindability with Adnal Pidraizer Perfomtance. Frisch, M. 
and Holder, G. C. Combustion, June/July 1933, 29. The general condusions 
are; (1) laboratory grinding tests may be used to predict the performance of individual 
pulverizers, provided that the results of tests on the latter are reduced to a common 
basis, i.e. to a standard firmness, say, 70% throu^ a 200-mcsh sieve and to a normal 
output; (2) the effect of moisture is important, particularly in the case of non-airswept 
mills; (3) surface calculations based on surface measurements alone are useless, it 
being preferable to use the actual ^oentage passing a 200-mesh sfevc as a meamre 
of fboeness. (Impact mills were not investigated.) 

425. Coal Frialnlhy Tests. Gilmore, R. E., Nicolls, J. H. H. aibd Connell, G. P. 
Canada Min. Br. (jRep.) 762, 1935. A study of metlMKis. See under Coal. 

426. Detenniniiig GrmdatHiity Sid»tances. Grunder, W. Verfakrenstechmk, 
1938, (1) 17. The energy-4ime relations for grinding coal and jdate in a ball mill coiqjled 
to an electrodynamometer. Method of test is desoibed and energy diagrams presented. 
Summary in Z, Ver. dtsch. Ing., 18 June 1938,82 (25), 758. 

427. M^hod of Defetminiiig the GrlndlalitlMy of CoaL Gruoter, W. Gluckmd ‘9 1938. 
74, 641-6. After reviewing the methods in use especially in America, the author 
presents an illustrated detailed description of a new apparatus consisting essairiaiiy 
of a cone mill coupled to an electro-dynamomeler, whereby power/time graphs are 
recorded. Interpretation of these graphs is shown by exampi^. 

428. Grmdabnity of CoaL Hardgrove, R. M. Trans. Amer. Soc. meek. Engrs {Fuels, 
Steam, Power), 1932, 54, 37-46. See imd^r CoaL 

429. Effects of Grin&dnlhy on Parficie Size DistrimtioB. Hardgrove, R. M. 
Tram. Amer. Inst. chem. Engrs, 1938, 34, 131-52. Ceramic Abstr., 1940, 19, 20. Very 
little has been published on the effea of crushing resistance on size distribution. The 
present paper is intended to show the dBfect. Conclusions: (1) products having a higher 
crushing resistance have a lower surface area for the same screen size; (2) knowing the 
grindability and specific gravity an approximate estimate of tte surface can be made 
for a given screen size; (3) the type of pulvaizers or arrangemrait of circuit has only a 
minor effect on size distribution compared with the effect of crushing r^istance; 
(4) the data r^resent a trend only. More work is needed. Ball and ring mills were used 
for the test (airswept). Grindabilities were by the A.S-T.M. standard (Hardgrove). 
Crushing resistance=Specific gravity/(Grmdability-^100). The grindability indkes of 
nearly 200 materials are given. 

430. GriodalMlity of Aiabanui Coals. Hertzxxj, B. S. and Cudwc^th, J. R. Rep. 
Invest. U.S. Bur. Min., No. 3382, 1938. Standard U.S. ball noill method for study of 
grindability. Sample 500 grams at 10/200 mesh; 740-1400 rev/min. GriiRiability index 
is 50 000/Rev. for 80% to pass 200 m^h. in graoeral, the inctex merest with decreasing 
moisture content of the coal, but other inteiesting factors aSoct the rdationsinp. 

431. F^riaMthy, Gndahiiy, Chemkai Anahnsk, and Low Ten^^ecatBce Car- 
boelzatioB Assays iff AMbama. Cmds. Hertzog, £. S., Cudworih, J. R., Selvig, W. A. 
and Qi^ W. H. U.S. Bur. Min. Tech. Ppr, No. 611,1940. 
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432. Hie Determioation of Coal Grind^ity. Heywood, H. Pulverized Fuel Con¬ 
ference, Harrogate, 1947. Institute of Fuel. 2 gns. The application of the ball mill 
method and the Hardgrove Mill method to various coals. Results are given in detail 
and comparisons made. The method of power measurement by dynamometer is 
described. Among the recommendations made are: The sample for test should repre¬ 
sent feed to pulverizer and the product should approximate to P.F. in use. U.S. ball 
mill method is preferable to Hardgrove; small mills differ from large ones in several 
effects as regards specific surface, and specific surface to energy ratios. 12 refs. 

433. Effect of Coal Composition on the Perfcmnance of Pulverizers. Jutte, K. 
Bremstoff-Warmeiehknik, March 1954, 6, 92-3. It is claimed that the Hardgrove 
grindability index is not always a true index of resistance to grinding. The ash content 
is not taken into account, although it affects grinding efficiency. The particle size distri¬ 
bution is also left out of account. 

434. Grind^ility Tester for Testing the Grindability of Hard Materials. Lehmann, H. 
and Ha^, U. TonindusirZtg, 1955, 79 (7/8), 91-4; /. Amer. ceram, Soc,, 1955, 38 (11), 
209-10. An apparatus is based on Zeisel’s (1953) development of the Hardgrove 
principle. It consists of a mortar and eight steel balls, 25 mm, on which the lower 
concave end of a rotating shaft is made to bear. Power is measured by an integrating 
dynamometer, and grindability is defined as the ratio of increase of specific surface 
(sq. cm/g) to work input (m-Kg/g). It was found that the grindability of cement clinker 
may vary up to 70% with variation in sintering conditions. Data for barytes are given. 

435. Grmdabnity of Various Ores. Maxson, W. L., Cadena, F. and Bond, F. C. 
Trans, Amer. Inst, min, (metalL) Engrs, 1934, 112, 130-45, 161. The authors describe 
an attempt to simulate industrid conditions of closed-circuit grinding with a ball mill. 
The method of evaluating screen analysis is described and a comparison of wet and 
dry grinding is made. A 700-c.c. sample of ore was ground in a ball miH 12 in. by 12 in. 
at 66 rev/min with 1 i-in. to i-in. balls, with a 250% circulating load at 100 mesh. After 
each stage new material was added until the product rate per revolution became 
constant. [PJ 

436. DetenumatKMi of Ball Mill Size from Grindal^ty Data. Michaelson, S. D. 
Trans. Amer. Inst. min. (metall.) EngrSy 1946,169, 123-7; Tech. Publ. Amer. Inst. Min. 
Engrs, No. 1844; Ceramic Age, 1945, 46, 141. The calculation of grindability is based 
on the total power required to grind the material from a certain size of feed to a certain 
size of product. The type and size of the mill can then be chosen, which will transmit 
this amount of power. A small laboratory mill was used for the testing, operating at a 
constant speed of rotation, using a constant volume of ore, and a constant ball load 
having a relatively constant grinding surface. Certain ores were selected for reference, 
and different grinding circuits were studied and compared, to avoid error. The variation 
of the circulating load between 100% and 1000% was found to have little effect on 
the grindability; another study, with the aim of developing a basis for comparing 
capacity with diifferent percentages of minus 2<X)-mesh material in products, revealed 
that the capacity decreased in inverse ratio to the relative grindabilities. Regarding 
both the capacity and power per ton of grinding media of an overflow mill as 100%, 
it was determined that the relative capacities of an intennediate-level grate mill and 
low-level mill would be 115% and 120-125%, and the relative powers about 111% 
and 116-1!^%, respectively. From the relevant data in any particular case, the net 
production required from ffie ball mill circuit is ascertained, and the size is then cal¬ 
culated for the type of mill to be employed. An example is given in full. 

437. A Study of die Griodahflffy of Coal and the Fh^ness of Pulverized Coal wtoi 
Usiiig die Lea-Nnrse Air Permeability Method for Evaluatiiig the Subsieve Fractkms. 
Romer, J. B. Proc. Amer. Soc. Test Mater., 1941, 41, 1152-66; Discussion 1167-71. 
The methods for determining the sieve size of pulverized coal are discussed. There 
is need for a better evaluation of subsie\^ fractions. The use of sp^ific surface data by 
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such methods as the L.N. method is discussed. It is considered that the data obtained 
by such methods bring the results in better alignment with the requirements of 
Rittinger’s law. 9 refs. See under Coal. 

438. The Dependence of Grindat^ty of Cemodt CUnker aad Liraestooe on the 
Properties of these Materials. Schmid, A. Schriftenreike der Zement-Industrie, 1953, 
14, 7-29. Grindability is related to the phj^ical and chemical properties of the charge. 
For cement clinker it is inversely proportional to resistance to impact. A knowledge 
of the composition and physical properties of clinker and related materials raiabled 
their grindabilities to be predicted. The grindabilities can be measured by a modified 
Hardgrove method, where the surface produced can be related to work input. A new 
impact machine is iUustrated. The relations between grindability as indicated by 
surface area production and the properties of the materials are presented in twelve 
graphs, 7 refs. Quotes: Tavasci, B. Structure and Grindability of Portland Cement 
ainken Zement, 30, 1941, 423-9, Zeisel, H. G. Development of a Procedure for 
Determining Grindability, Dissertation, Aachen, 1952. 


439. Check Detenninatioos of the Grinbl^ity rf Coal by Varioes Methods. Selvk3, 
W. A. Rep. Invest. U.S. Bur. Min. No. 3301, 1936; Fuel, Land., 1936, 15, 156; Pwr 
Plant (Engng), 1936, 40, 723. Soft and medium coals were tested in five laboratories 
ncing the Bureau of Mines ball mill method, the Cross and Fuel Research Laboratory, 
ranaHa ball mill methods and the Hardgrove method. The Cross and F.R.L. methods 
showed the greatest variation in results, both among ditohcate determinations and 
among laboratories, over 100% variation being shown, as against about 4% by the 
Bureau of Mines method. The mean values are tabulated for the grindabilities of the 
five coals by the Hardgrove and Bureau of Mines methods. 


440. Relative Grindability <rf CoaL Slcman, H. J. and Barnhard, A. C. Trans. 
Amer. Soc. meek. Engrs, 1934, 56, 773-9. The Camegk: Institute of Tedinology 
meth^ is described. This amsists of a steel roller being aUowed to run dowm an 
inclined steel plane over 20 grams of coal graded between 20- and 30-mesh sieves. 
The surface units are calculated by the Hardgrove method, except that sedimentation 
analysis has shown that a factor for the - 300-mesh fraetkm should be 3000 instead of 
1000. The results of t«ts appear to agree well with those of the Hardgrove method, 
but not with the F.R.L., Canada, and the Cross methods. The need for a standard 
grindability test for various coals is pointed out. 

441 Estfatatkxi of tte Grindabflity o£ CoaL Yancey, H. F., Furse, O. L. and 
BLAcraURN, R. A. Trans. Amer. Inst. min. imetall.) Engrs, 1934,108, 267. The paper 
describes the leseardi on a anaU baU mill made by the U.S. Bureau of Mines, which 
led to the specification for coal grindalnlity t^ing by the A.S.T.M. Surface measure¬ 
ments were eliminated from the procedure on account of the difficuity in determinii^ 
the snecific surface of the finest materials. A full summary is given by Heywood m 
Appliance Makers' Association Document No. 1657, 1938, pp. 57-62, 
together with a drawing of the milL 


442 Etether Imestigatio* of Methods for EsdmatiBg the Grindalnlity of CoaL 
Vantfy H F and Geer, M. R. Trans. Amer. Inst. min. imetcdl.) Engrs, 1936, 119, 
353-77 A liimparison is given of the CJ.T. roll test, the Bureau of Mines ball mill 
n^^hod and tfaTHarfigrove machine method. The ball miU method is the only one 
specifying a final size sudi as that of powdered fuel. With admixture of hardier !^m> 
t^t4 ball mill method is the only one to represent acc^tdy the grmdabd^. A 
summary with tabulated results is gjvoi by Heywood m Combustion Applicance 
Makers Association Document, 1657, 1938, pp. 63-4. 


443 Devdotraeat <rf a Procedure for DetemhiiBg GriBdabflify. Zeisei, H. G. 
ScMftenreAe^ement-Industrie. 1953, (14), 31-7Z m p^iiity of a nurnte of 
matei^ has been tested in a Hardgrove vertical annular ball mill and a quantitative 
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expf^ssion is put forward. The materials tested were cement raw materials, rock crystal, 
fluorspar, barytes, coke and coal. Surface area measurements of the products were 
related to the grinding variables measured and it was found that maximum ease of 
grinding was recorded for a particular surface area to weight ratio for a given material 
and for a given set of mill conditions. The most important governing factor was the 
initial particle si 25 e. Calculations showed that neither the Rittinger nor the Kick laws 
were valid for the products obtained. 41 refs. 

444. CnisiiMig Resfetance of Minerals. Zimmerley, S. R. and Gross, J. Rsp. Invest, 
VS, Bur. Min,, No. 2948,1929. The values were determined by the same apparatus and 
method as used by the authors for crushing quartz. Results are tabulated for pyrites, 
sphalerite, calcite, three samples of galena and quartz. 

DIFFERENTIAL GRINDING 

445. A Preliiiihiary Ihrest^tHm of Difimiitial Grinding. Grinding of Quartz- 
XJaiestoQe Mixtoes. Holmes, J. A. and Patching, S. W. F. Atomic Energy Research 
Establishment, Harwell, CE/R1887, 1956, 29 pp. Mixtures of quartz and limestone in 
varying proportions have b^n ground with the object of determining the eflects of 
variation in amounts and also of the mesh of grid on the behaviour of the components. 
Closed circuit was used. The conclusions from the investigation are recorded at some 
length. It was found that the rate of rediK^tion of each <x)mponent was reduced by the 
presence of the other, but the proportions of the components had no effect on the 
spedflc rates of grind for any one mesh, the spedflc rates be^ related to the bulk 
volumes of the components. There was no effect on the resulting size distribution of 
either component due to differential grinding, Chan^ in the mesh of grind altered the 
rate of grinding of eadh component very nearly in the manner which could be predicted 
from their individual spedflc rates of grind. The methods of treatment outlined should 
be aypplicabie to studies of mixtures of other components, and possibly to components 
locked together in composite rock, and thus to the possibilities of differential grinding 
of ores. 13 graphs, 3 refs. (See also Nos. 506, 699, 1481, 1539, and 2129.) 

ADSORPTION OF ELECTROLYTES AND OXYGEN 

446. AdsofptioB Eiectitilyte Pulverized Mumals, C^mdoctonietric Studies. 

Bring, G. G. Jemkontor, Am,, 1954, 138 (11), 671-701. 17 illustrations, 16 tables, 
26 refs. 

447. Absoiptioa of Atmospheric Oxygen (Dmmg Ckindiii^ m a (SteeO Ball MOL 
Liutin, L. V. Zh, prikL KMm. Leningr,, 1941, 14, 790-3. The absorption of atm. 
oxygen during grinding in a steel mill using steel b^ was investigated by measuring 
the decrease of pressure in the mill after wet-grinding at 60 rev/min. Absorption was 
greater when using di^illed H 2 O (I) than with the following aq. solutions: 0-lN-NaQ; 
O-OOOSn-, 0-G015N-, and 0-0lN-Na2CO3; 0*0lN-Na4P2O7, arid 0“05N-K2Cr207. 

Absorption decreased with increasing pH values. An aq. suspension of quartz sand or 
kaolin stowed a value somewhat less than that of (I), but that of an aq. suspension 
of gr^hite was approx, twice that of (I). Oxygen was not absorbed when noiachine oil 
or a mixture of 2 i% madiine oil was ground. Absorption is attributed 

to the oxidation of the fine partictes of iron derived from the naill materials and dispersed 
throu^out the medium being ground. 

VISCOSITY EFFECT 
See under Fine Reduction. 

USE OF RADIOACTIVE TRACERS 

448. Radioocttolsotqpesmh&efalDressliigR^earGii. Carr, J. S. 

ments in Mineral Dressing, 465-501. 1953, Institution of Mining and Metallmrgy, 
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Atomic Energy Research Establishment, Harwell, CE/R/912, 1952. Their use will be 
extended for study of pulp cfensity, mill speed, preferential grinding and particularly 
the effect of circulating load. 

The lines on which the phenomena of grinding can be investigated arc put forward 
(Na^^ is a convenient isotope to use). 

449. Progeny in CcMniiiliBitkm* Gaudin, A. M., Speddon, H. R. and Kaufman, 
D. F. Min. Engng^ N. K, 1951,3,969-70; Tech. Publ, Amer. Inst. Min. Engrs. No. 3171; 
Abstract in Mon. Bull, Brit. Coal Util. Res. Ass., 1952, 16 (2), 72. An investigation of 
the size distribution, after grinding, of a particular size fraction mixed with other 
fractions using the radioactive tracer technique. The results of the preliminary experi¬ 
ments with feed sizes ranging from 10-14 to 100-150 suggest that fracturing of one 
size in a normal environment of all sizes may produce relatively fewer fines than if a 
feed of one size is crushed or ground. Albite was used in this case, sodium being the 
radioactive metal. Applications to crushing investigations are suggested, tmrticulariy 
on circulating loads. 

450. Radioactivity m Mmeral Dress^. Gauihn, A, M. Trans. Instn Min. Metall., 
Lond., Nov. 1952 (552), 29-42. The third Julius Wemher Memorial Lecture given 
at the Royal Institution, London, Sept., 1952. 
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HISTORICAL 

451. Corn and Paint. Res, Ass. Brit. Paint, Col., Yarn. Mfrs, Monthly Memo., 
No. 112, 1953. A survey of the various devices leading probably from ancient corn- 
grinding mills to present-day paint mills. The process is traced briefly from primitive 
pestle and mortar, through the saddle mill (stone roller pushed backwards and forwards 
on a flatstone bed), quern mill (two flat stones), cone mill (to assist in the discharge of 
ground com to water-powered flat stone mills (Roman 6th century) and then wind 
mills and in 1786 steam-driven flat-stone flour mills. Roller milk (for sugar cane) 
with vertical wood rolls (1449) are included. 

452. De Re Metallica. Agricola (Georgius). 1950, Dover Publications, New York. 
638 pp. Translation from the first Latin edition 1556 by Herbert Clark Hoover and 
Lou Henry Hoover. Biographical introduction, aimotations and appendices on the 
development of mining methods, metallurgical processes, geology, mineralogy and 
mining law from the earliest times to the 16th century. Includes descriptions of the 
co^tmction and operation of early stamp mills powered by water wheels and draft 
anin^Is, also all of the 289 16th-century drawings and a full list of Greek, Roman and 
medieval authors in mining or metallurgy whose works were available to Agricola. 
Hoovers’ translation, the first into English, app^ed in abridged form in the Min. 
Mag., Land., in 1912. An appreciation of Agricola’s work is given in Discovery 
July 1956, 17 (7), 294-6. 

453. The Developiiieiit of Ball and Roller hlilk. Bachmann, D, Chetn. Tech., Berlin 
1942,15, 198. 

454. The Devek^^ of the Vibratkm MilL Bachmann, D. Chim. et Industr., 1943, 
50 (10), 256. See under Vibratory Ball MilL 

455. History of Cora MOlii^. Bennett, R. and Elton, J. Simpkin, Marshall & Co., 
London, 1898-1904,4 vols. Includes descriptions of many varieties of grinding mortar. 

456. Fine Grinding. Coghill, W. H. /. Amer. Zinc. Inst., 192912 (5/6), 100. Account 
of early history and development of the ball mill. 

457. ConchiskxK firom Experiments <m Grindii^. Coghill, W. H. and De Vaney, 
F. D. Bull. Mo. Sch. Min., 1938,13 (1), 100 pp. Early history of size reduction. Modern 
history. The ball mill. Three industrial epochs. See No. 10^ et seq. 

458. Mkitmieritics. Dallavalle, J. M. Pitman, New York, 2nd Edition, 1952. 
Historical aspects are given in the various particle science sections. See under Size and 
Surface Area. 

459. Devdc^mtent of the Stcme Weaker. Dickinson, W. H. Cement, Lime & Grav., 
1945, 20 (3), 78-83. The author presents a historical review, from breaking by hand to 
the modem jaw crusl^rs, jaw granulators, roll and gyratory crushers. 

460. The £v<^ition of Mills for Grindii^. Fischer, E. K. Interchem. Rev., 1944, 

3 (4), 91-104. This historical survey is illustrated by woodcuts, drawings and photo¬ 
graphs of mills dati^ from ancient times to the end of the 19th century (early pebble 
nnll), and representing the practice of many countries. Forerunners of modem design 
improvements can be ot^rved. Twenty-four references are appended. These refer to 
^ hktory of manufacture of various products and to gen^ works which include 
histoncal material. 
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461. Internal Medmnisin of BaB MiUii^ Joi^L, A. and Birebint, A. Rev. Mater. 
Constr. C, 1951, (434), 311-20. A historical review. 

462. Fine Grindl^ Machines, Klar, H. Ber. dtsch. keram. Ces., 1929, 10, 285-313. 
E>escription with diagrams of the development of cone mills, bowl, pan and ball mills. 
Finally the high-output Hildebrandt ball mill is described wherein small balls 8 to 
15 mm diameter are circulated at high speed with the material to produce very fine 
powder. 

463. A Historical Skffvey erf Cmshli^ and Griadl^ Equipment. Lebetier, F. Mine & 
Quarry Engng, 1949, 15, 271, 307-11, 385. 

464. Crushing Theory and Practice. McGrew, Brownell. Rock Prod., 1950, 53 (6), 
118-20, Part 1. Historical Summary. Development of crushing equipment in U.S.A. 
from the drop hammer of 1830, the first LJ.S. Patent. In 1840a forerunner of the hammer 
mill was patented and consist^ of a box (wood) containing a drum (wood) provided 
with iron knobs or hammers. It was expected that when revolved at 350 rev/min it 
would shatter the rock loaded into the top of the box. This, however, bore a closer 
resemblance to the single sledging roll crusher. Eli Whitney Blake invented the first 
mechanical jaw breaker, embodying the powerful toggle linkage. It is the standard of 
comparison today for all jaw crusl^rs for heavy duty. The gyratoiy principte had 
several rudimentary designs between 1860 and 1878, but in 1871 P. W. Gates took out a 
patent which inducted ail the essential features of the modem gyratory crusher. Gates 
became famous. In a contest in 1883, in Connecticut, the Gates enusher finished 9 cu. yd 
of stone in 20i minutes as against 64i minutes for a Blake crusher, feed and product 
size being similar. Stamp mills accomplished the fine reduction after the crushm. 
At Homestake, 22 small Gates crushers prepared the ore for 2500 stamps, i.e. duplica¬ 
tion rather than increase in size. The steam shovel for quarrying led to lai^r coBhing 
units. By 1910, crushers with 48-in. openings were made. At this time the crusher 
revived in popularity, having an opening 84 in. ty 60 in. At the beginning of 20th 
century, Edison, from energy cost (explosive v. coal) considerations, built his famous 
8 ft X 7 ft roll crusher, but it never became popular. The more versatile jaw and gj^tory 
crushers remained popular, but smaller sizes of rolls were used by Edison in his own 
cement mills. At the beginning of this century, primary sledging roll crushers were 
developed 36 in. diam. x 60 in. face, for limestone. These became popular and became 
as big as 60 in. x 84 in. Small smooth-faced crushing rolls became popular for smaller 
sizes before the end of last century, but no other fine crushing devel<n5ment occurred. 

465. Chemistry of Fine Gftadmg. Martin, G, Industr. Chem. Mfr., 1926, 2, 409. 
Abstract of paper read before the British Association at Oxford, Aug, 1926. See un^r 
Fundamental Aspects, General Papers, 

466. The <rf Varioiis Types of Crusher for Stone and Ore. Miller, W. T, W. 

and Sarjant, R. J. Min. Free. Instn civ. Engrs, 1934-5, 239 (1), 39-95; Trms. ceram. 
Soc., 1937, 35, 492; Road Abstr., 1936, 3, 622. 

467. The First Stamp BdBBs m Fng^isli Histoiy. Shubert, H. R. J. Iron St. Inst., 
Nov. 1947, 157, 344. Eleven historical refs, are given. Relate chiefly to minerals or 
metals. Vertical stamp mUl woiidng in a mortar dates back to 1500. One of the ol<test 
types. First introduced into England by the Germans, whose skill was admired. 

468. Bafl and Tahe MUs. Stroder, E. TonindustrZtg, 1913, 37 (46), 6^10. The 
idea of combining the bail mill with the tube null is not new, but the buildup of such 
machine began only three years ago. Tlw develc^jment is described and iilustiated 
pp. 1172-3. Reply to criticism by Beneke reported on p. 608, 

469. Grmdi^ and Siftiag. Tubman, F. de M. Chem. & {Rev.\ 1932, 51, 330. 
Detaited discussion of ancient and modem methods of gniKiittg and sifting. Many 
kinds of machines arc described, and it is mentioned that rubber lining grimis as 
effectively as steel liners. 
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470. Recent Tests Ball Mill Van Winkle, C T. Trans. Amer. Inst. min. 

(metalL) Engrs, 1918, 227-48. Describes ths introdxiction of tube mills for ores, to do 
in one pass what the stamps, rolls and Huntingdon mills could not do. Pebbles became 
the medium in tubes 20 ft long. Ball mills were in use outside U.S.A., but were small 
and costly, 

47!. Waeser, B. Kolloidzsckr., 1952,126,149-53. A historical review leading 

to the present position of grinding theory, accompanied by references to 26 important 
contributions and to certain other authorities. A historical review of the patent litera¬ 
ture is present^ and finally modem technical advances are discussed. 26 refs. 

GENERAL PAPERS 

472. Ore Gribodi^ For papers dealing more specifically with ores, see under Ores. 

473. Sympo^ksn on Conuniniitkm. Trans. Amer. Inst. min. (metall.) Engrs^ 1946, 169, 
12-202. 19 Papers presented on Comminution, 7 on Sedimentation, 5 on Rotation, 
I on Drying and Calcining, 7 on Milling Practice, 7 on Mill Design, 2 on Metallurgical 
Analysis. 

474. Symposnim on CommiiHPttion. Min. Engng, N.Y., 1950, 2; Trans. Amer. Inst, 
min. {metall^ Engrs, 187. Hardinge, H., and Ferguson, R. C., 1127-30, Effect of 
Mill S^peeds on Costs. Myers, J. M., and Dbwis, F. M., 1133-6, Progress Report. 
Bail Consumption at Tennessee Copper Co. Norquist, D. E., and Moeller, J. E., 
712-4, Relative Rates of Wear of Various Diameter Balls in Production Mills. Strohl, 
J. J., and ScHWELLENBACH, H. J., 1273-4, Effect of Rod Mill Feed Size Reduction. 
Bond, F. C., 1149-50, Discussion on the Effect of Mill Speeds on Grinding Costs. 
Roberts, E. J., 1267-72, The Probability Theory of Wet Bail Milling and its Applica¬ 
tion. Bond, F. C., and Wang, J. T., 871-8, A New Theory of Coinminution. Sun, S.C., 
and Mchigan, J. D. and Wesner, R. F., 369-73, Mineral Particles in electrostatic separa¬ 
tion. Fine, M. M., 385-90, Production of Graded Glass Sand by Grinding and Classifi¬ 
cation. 

475. Noo-Ferroiis Ore Dressfii^ m the U.S.A. Report of Technical Assistance Mission 
No. 54, 1953, O.E.E.C., Paris. Obtainable from H.M. Stationery Office. See under 
Ores. 


476. Oe Dressh^ and C&aa&A in Gennany. 1939-1945. B.I.O.S. Final 

Report, No. 1587, Item 31. H.M. Stationery Office. 

All. Change d State in Ag^^gatkm. Anon. Chem. Engng, 1948, 55 (5), 103-5. 
Disintegration remains an empirical art. Recognition of the waste of power due to 
over-grinding has favoured continuous grinding with classification of the product and 
return of the oversize. Jet pulverize i*s are replacing mechanical types where particles of 
average size 5 mu are required. Electrostatic spraying for finishes and enamels gives 
greater uniformity of coating and obviates loss of materials. 

478, Pidvenzing 200 Process Materials. Am)n. Chem. metall. Engng, May 1938, 45, 
241-2. A tabulation of the answers of 43 manufacturers of pulverizing equipment 
when asked ‘Which of these raw materials has been successfully ground by your 
equipment?* [PJ 

A19. High Li^ m Miliiig, 1952. Anon, ptgng Min. J., 1953, 154 (2), 121-2. 
General review. ‘No sudh thing as overgrinding.* ‘Tendency to revert to pebbles.* 
‘Rod mills continue to gain ascendency over rolls.* 

480. Omshing and ChckaiSmg. A Staff Survey of Recent Developmeiits, Int. chem. 
Bigng, 1948,29 (7), 304-10. The review includes a classification of crushing and grind¬ 
ing operations, illustrations of the Kibbler mill, Attritor Unit for Coal, Symons 
Interrnediate Cone Crusher (high output and high ratio of reduction), Simon Type G 
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roller mill with automatic throw out gear, the Hydrol single roll mill, and an illustrated 
table of non-medianic^ pulverizers taken from the Mm. BuiL Brit, Coal Util, Res.j 
Ass,, 1947, 11 (7), 221. Accounts of industrial practice at four U.S.A. ore or inciting 
plants are incluti^. 57 refs. 

481. Derelopm^te In Modem PidhreriziBg Eqi#Bie^ Mia, 20 Nov. 1953, 241, 
590“1. Types of mills and their applications, with spedal reference to pilot plants, 
dealing particularly with German equipment. Eight German firms are referred to: 
R. Liebau, Cl^mnitz; L. Hormuth, Hei<klberg; Thieme & Towe, Halle; Lehmann, 
Dresden; Maschinen-Fabric Geislingen, Heidelberg; G. Eirich, Hardhcim; Gaspcry, 
Leipzig; Vogele, Mannheim. Greater attention than ever before is being paid to the 
reduction to small size of metalliferous ores and residues. 9 refs. 

482. GradatioD Crushed Material aad the ProbicBi oi Cubic MateriaL 
Pierres et Min,, 1934, 6 (61/62), 980-1. In descending order of effectiveness for cuNc 
material: (1) indented curved (g^tories) (not ooramcrcially practical); (2) indented, 
rectilinear (jaw crushers, crushing rolls); (3) smooth, sli^t curvature (gyratory 
granulators); (4) anooth, large curvature (cone crushers); (5) smooth, rectilinear 
(crushing rolls and disc crushers). See further umkr Aggregate. 

483. Redodo^ Griad&g Costs. Anon. Rock Prod,, 1942,45 (I), 64-6. Describes the 
use of various grinders and makes suggestions for redudng costs. 

484. Semite JmesGigaBioms em Crushers. Statens Vaginstitut Stockholm. Meddekmde 
No. 55. 1937, 84 pp. (In Swedish with Englbh Summary.) The results are repoi^ of 
investigations carried out on five jaw crushers, a special disc crusher, and thr^ impact 
breakers. The crushers were of the types and sizes generally used in road constnictkm, 
and the tests were made with various rocks. The factors studied were size, flakiness, 
and strength of the product and the output and power consumption of the crushers. 
It was not found that the type of rock affected the grading and shape of the crushed 
products to any marked degree, 42 figs., 21 tables. DP.] 

485. How to ddermine Crosiiar and GfiadlBg Mifl Sizes—^Accurately. Allis Chalmers 
Co. (Milwaukee). Sui^Iement to Catalogue, 1953, pp. 1-72. Gn pages 1-6, the method 
of cdculating the work required to crush or grind to a given size reduction based on 
Bond^s theoiy is given. From the calculated kW or h-p. per hour requirements, it is 
shown how to select the appropriate, gyratory crusher, rod or ball mill, from the 
tabks of equipment sizes and diaracteristics as put forward by the makers. 

A work input graph ^ows work requirmients for reducing materials to a range of 
sizes from KXX) to 100 microns at reduction ratios from 1 *5 to KXX). 

Gn pp. 7-72, three tables are ccunplJed frcmi data obtained in the years 1929 to 1952, 
showing the Work Indices (W.L) for a large number of rocks and morals indxKiing 
varletks. These are arranged according to (I) operating firm, (2) materiais, (3) averages 
of varieties of materials. In all, some 1200 work indices are tabulated, whidi have be^ 
calculated from test data obtained at many asmpany locations and from various types 
of crusher and grinders. Finally, materials are tabulated in alphabetical order (59) wiffi 
average W.I. from preceding tabulations. 

486. MucMue Considered ob a Baris Suullar^. Andreas, 
A. H. M., Jensen, I. H. Z, Ver, dtsch, Ing,, 21 Nov. 1954, 96 (33), 1117-20. By cxHn- 
parison of large and mills and model tests, a survey on the eocmomy of various 
mills, e.g. jaw breakers, cone tweakers, can be obtained. This applies to other mills 
under certain conditions. 

487. Some Fuudam^ital Priud|des of Fme Grwdmg. Ani>R£WS, L. Paint Tech,, 
1942,7, Ili-14,147-9,165-7,183-6,201-4; 1943,8,19-22. Iheartkles are instaime^ 
from a book to be published hy the author on grinding. The mode of action ani motion 
of balls in a ball miU are explained with many diagiarnsaiKi illu^rations, and the causes 
and mode of wear of liners are also wdi illiKtrated. Causes of indficieocy are desaibed. 
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488. Pulfcrizii^ Babcock & Wilcox, Ltd. Brit, Pat, 577507, 1944/46. Pro¬ 
vision is made for recirculation of air and oversize material, for automatic feed and for 
air control, and control of output. 

489. Difficulties with Qaany Plants and Some Remedies. Barton, L. V. Quarry 
Mgrs" 1933, 16 (9), 298-300. Discusses the relation of the type of rock to the most 
suitable form of crusher. Abstract in Road Abstr,, 1934-5, 1, 25. 

490. Modem Madiines for Ehy Size Reduction in Fine Size Range. Berry, C. E. 
Jndustr, Bigng Chem, (Imlustr,), 1946, 3S, 672. Machines of the type of the baU mill, 
the ring roll, and the hammer mill, operated either in open or closed circuit with size 
classihers, have been available for many years for the production of fine i^terials. 
More recently high-speed hamnwr mills and fluid-energy nulls, nearly all with integrally 
fabricate size classifiers, have become available as the result of a demand for the 
production of still finer materials. Average size specifications of 20 microns and smaller, 
as determii^ by microscope examination and air permeability methods, are becoming 
common. The Mikro-Atomizer and the Raymond vertical mill are machines of the 
high-speed rotor design. The Micronizer, the Reductionizer and the Eagle mill are all 
machines of the fluid-energy type which utilize compressed air or high-pressure steam 
to effect the desired size reduction. 

491. How Does a Coal Pulverizer do its Job? Blum, J. K. Power, 1928, 68, 100. 
A good summary of the processes of pulverization. They are classified into five 
mechanisms and into four aspects of ener^ expenditure: heating, moving, breaking 
or deforming particles, and windage and friction losses. 

492. Cmsldiig and Orindii^ Charactmstics as Determined by Screen Analysis. 
Bond, F. C. and Maxson, W. L. Trans. Amer. Inst. min. (metall.) Engrs, 1935, 112, 
146; Milling Methods, 1934. 

493- The Reductkm Ratio Cwves for and Grindii^. Bond, F. C. Engng 

Min. 1938,139 (7), 48. Discussion of reduction ratio. The accumulation of a series 
of reduction curves covering various materials and machines and conditions, would 
greatly facilitate the study of mineral comminution, and allow the proper machine to 
be chosen for a desired size distribution of product. The design of new machines would 
be facilitated. 

494. Prindpies of Cmshing. Bond, F. C. and Briber, F. E, Jr. Fit & Quarry, 1951, 
44 (1), 173-6. The theory of crushing, eners^ input required, particle size and shape 
lelationshifK, crushing tests and the application of various types of crusher are 
discussed. 3 figs. 

495. Mathematics of Cmshing and Grinding. Bond, F. C. Symposium on Mineral 
Dressing, London, Sept. 1952, Paper No. 2. Institution of Mining and Metallurgy. 
Theory put forward—^the total work input represented by a given weight of a crushed 
or ground product is inversely proportional to the square root of the diameter of the 
product particles. Expressions involving work index are developed. 

Factors affecting the capacity of jaw crushers: Metal wear is not predictable but the 
cost approaches the power cost. Dry v. wet grinding. Volume of grinding charge. 
Pulp dilution. Mill sp^s. Grinding media, size distribution. Mill diameter (ball and 
rod mills). Other factors are also considered* Summarized calculations of machine, 
crusher and ball mill sizes. 8 refs. See also Min. Engng, N. Y., 1952, 4, 484; Mon. Bull. 
Brit. Coal Util. Res. Ass., 1952, 407; Recent Advances in Mineral Dressing, 1953, 
Institution of Mining and Metallurgy. 

496. Wiik* is ffieM<weE£&ient Rock Breaker? Bond, F.CE>7g7TgMf/7.J., 1954(1), 
155, 82. See No. 30. 

497. Unit Operations. Brown, G. G. and Associates. 1950, Wiley & Sons, New 
York, Chapman & Hall, London, pp. 25-49. Size Reduction of Solids. A description 
with illustrations of crushing and grinding equipment, the m^anisms of the respective 
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crushing or grinding actions and capacity tables, with a more lengthy tieatment of 
ball and rod mills, and a section on energy requirements. A dozen problems are set, 
based on tabulated data provided. 6 refs. 

498. Maintaimag MOli^ EquipaM^. Brown, H. M. Bricky Clay Rec,^ 1952,121 (3), 
58-9. How production delays and milling costs can be reduced by proper maintenance. 
Engineering details are given. 

499. The New Central CrasiuBg Hant at Lake View aad Star IM. Buckjett, R. C. 
Proc. Amt. Inst. Min. Engrs, 1948 (148-9), 87-109. TTie ori^nal (1930) and new central 
crushing plants are described in detail. Factors influencing the decision to rebuild 
were (1) requirement of additional screens for rediKing the finished product size, 
(2) to lower the crushing costs (better feeding arrangements, etc.), (3) the need to 
replace wooden conveyors. Inst. Min. MetalL Abstr.^ Dec. 1953, p. 107. 

500. Cnisiih^ and GrIidiQg. Carey, W. F. Tram. Instn chem. Engrs, Land., 1934, 
12, 179. An outline is given of the manner in which homogeneous brittle substances 
fracture when crushed freely. In a discus^n of existing crushing machines it is con¬ 
cluded that (1) ball mills and ring rolls will always tend to form aggie^te, and 
(2) impact machines will either suffer excessive windage leases, due to air friction and 
movement, or fail to fracture a large proportion of the particles which are hit. 

501. Some Modem Metiiods of Mlilag iff Carnochan, R. K. 

Trans. Canad. Min. Inst. (Inst. Min. MetalL), 1939, 42, 2^34. A brief account of 
crushing and grinding piethods for minerab and of the methods of separation. 

502. Contrasts ia GfindiDg Characteristfcs iff Mmemi Products. Coe, G. D., and 
CoGHiLL, W. H. Rep. Invest. U.S. Bur. Min. No, 3704, I I pp,; Ceramic Abstr., 1943, 
22, 142. The report contrasts the net energy consumed in grilling to a top limiting 

and size distribution of ground products for a number of minerals, including talc; 
sphalerite, topaz, limestone, siderite, chaloopyrite, rutile, quartz, chalcedony, zircon, 
bituminous coal, anthracite, bighead cannel coal, taconite, chert and cement dinker. 
The report vras prepared in co-operation with the University of Alabama, [P.] 

503. DetenoBiatioB iff Hakiness of Ores. Coghill, W. H., Hixmes, O. W. and 
CAMPi^LL, A. B. Rep. Invest. U.S. Bur. Min. No. 2899, Oct. 1928, 7 pp. 

504. Conc^i^oBS fro® Eaq^ertoeBts ia (kiodiag. Coghill, W. H. and De Vaney, 
F. D. Bull. Mo. Sck. Min., 1938,13 (I), 100 pp., 69 refs. See No. 1060 et seq. 

505. Partide Size ReductioB aai S^aratioiL Coghill, W. H. Trans. Amer. Inst, 
chem. Engrs, 1938, 34, 113; Ceramic Abstr., 1940,19, 21. 

506. Dmer&xikd GrMii^ of AJdiaiaa Ores, Coghill, W. H. and De Vaney, P. H. 
Rep. Invest. U.S. Bur. Min., No. 3523, 1940. See under Iron Ore. 

507. Types of Griadiag Mils and Whea to Use Tbem. Erickson, H. W. Chem. 
Engng Progr., 1953, 49 (2), 63-8. Illustrated account of various grinding mills. The 
advantages of classification during grinding to avoid overgrinding and waste of energy. 
The equipment is dasdfied into ball mills, tube mills (pebble mills and ball i^b., or 
long ball mills, the latter having iron or ^eel balls), compartment mills (combination 
of ball mill and tube mill), grinding in stages, rod mills, peripheral screen ball mills 
(Krupp mills), batdi mills (ball) and a description of their aj^lkations. Rolls, Roller 
Mills (pan and ring), impact pulverizers (hammer, fluid energy such as miotmizers) 
attrition and buhrstone mills. Precautions against toxidty, softening of charge, in¬ 
flammability of product. 

508. OmsitiQg Mai^iaes for Coke aad Coal Saisi^pies. Ehrmann, K. and Sporkeck, H. 
Gluckauf., 12 Feb. 1955,91, 7/8, 187-93. Review, critical examination and comparison 
of crushing madiines, etc., alwasion resistance, time of niching, powr requirements, 
freedom from di^ deani^ noise, safety iksign, and effidcncy. 19 illustratKms. 
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509. Process Tectelqpie in Size Re<^ctloii« Eschwerke, A.G. (Duisberg). Cement- 
Kalk-Gips,, 1953, 6 (7), 261. Information brochure on grinding practice which should 
prove of great help to process engineers. 

510. FlotatkHi Practice at the Coem* d’Alene District Idaho. Fahrenwald, A. W. 
Trans, Amer, Inst, min, (metalL) Engrs (Flotation Practice), 1928, 107, 132. States 
the advantages of a high circulating load. Laboratory experiments indicate greater 
efRciency with higher pulp densities. Poor classification results in lower mill capacity 
and in overgrinding. 

511. Prepress m MiQii^ Practice and Equipment Fahrenwald, A. W. Min. Congr, 
J., Wash., 1940,26 (1), 17-22. A general account of principles of comminution and the 
application to various aspects of ore dressing. 

512. A Metibod of Predktiiig the Performance of Commercial Mills in the Fine 
Gfindh^ of Brittle Materials. Fairs, G. L. Trans, Instn Min. MetalL, Land., 1953-4, 
63, 211-40. 23 refs. See No. 61. 

513. Modem Grinding. Farrant, J. C. Trans. Soc. chem. Ind., Land, (Chem. Engng 
Group), 1931,13; Chem. <6 Ind. {Rev^, 1931,50,94-6. An account of the paper under 
this title (32 pp.) read by the author at the Society of the Chemical Industry meeting 
on 23 Jan, 1931 at Derby. The paper is confined to fine grinding, and classifies the milk 
for this purpose as (I) slow-sp^ (attrition and impact, e.g. ball mills), (2) medium- 
speed (compression, e.g. pan, ring roller mills) and (3) high-speed (impact and shearing, 
e.g. hammer and similar mills). The char^eristics of these tyi>es are described, 
illustrated and accompankd in some cases by graphical and tabular presentations of 
performance and operational data. A large section is devoted to operational and 
product data in tabular form for numerous materials and their varieties when ground 
in the various types of mills, whereby comparisons can be made between dijBTerent 
types of mill for a particular material. 45 illustrations and diagrams. Other accounts in 
Cfwm. Tr. 1931, (88), 97-9; Chem. Age, Land,, 1931,24, 68; Crush dc Grind., Sept.- 
Oct, 1931,1, 55-6. [P] 

514. A Review of Certain Unit Processes in the Reduction of Materials. Farrant, 
J. C, Trans. Instn chem. Engrs., Land., 1940,18,1-20. The pai)er is an attempt to clarify 
certain misunderstandings that have arisen throu^ the publication of technical 
cfetails covering a specific process, but which tend to obscure fundamentals. The 
first section deals with the mechanism of primary crushing and the main aspects of 
power consumption. A second section deals with screening and a third section with 
the medianism and performance of various types of grinding equipment. A comparison 
of open and closed circuits is made and performance data from industrial equipment is 
presented. A fourth section deals with the pumping of slurries, a fifth deals with 
automatic control of grinding equipment and a sixth with types of cascade mill [P] 

An account is given in tl» Chem. Tr. J., 1940,106, 257 and 273. 

515. Fodi Effideacy Lectees. (binding Plant. Farrant, J. C. Chem. Age, Land., 
1944, 50, 101—4. Deals with various aspects of grinding: Variation in size of feed, 
moisture in feed (it frequently paj^ to dry a moist feed), general maintenance, overload 
factors, the merits and the varying necessity of crushing before grinding, optimum 
speed and selection of the right type of milL 

516. Ihe Evohition Mills for Grindii^ Fischer, E. K. Interchem. Rev., 1944, 3, 
91-104- A historical review of the development of grin ding mills. Range and utility 
of vmous mills are defined in terms of clearance between the niill surfaces, the velocity 
relative to each other, and the plastic viscosity of the composition being milled. 

517. Pidvcraed Fuel Tedmiqpie. FimoN, A. Inst, Petrol, Rev., 1949, 3 (1), 18-26. 
A review of slow and high speed pulverizers. See under Coal. 

518. Uuiisi^ Tecteiques in Grinding. Foote, J. H. Chem. Engng Progr,, 1953,49 (2), 
^-72, (1) Grinding atmosphere; t^perature, moisture; comp<»ition; liquid mtrogen. 
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(2) Grinding in the fonn of slurries or shidges. (3) P'retieatnieiit; sizing; grinding aids- 
(4) After-treatment. (5) Use of inert atmosphem; dimkal reactions during grinding. 
(6) Use of different types of equipment in tandem for special characteristics. 

Also: precautions re cast iron and cold resisting alloys; pre-crushing of fibrous roots 
between heavy rollers, before grinding. 

519. Can the Resalt of Gmdiig be f^redeto^ted? Frenay, E. and Cchluee, R. Rev. 
univ. Min.^ 1950, 6 (II), 370-9; Amer. Ceramic Absir.^ 1951, 34, 76. The result of a 
comminution (grinding, cnishing)iirocess of a material to a certain size without a too 
large proportion of oversize or very fine particks ran usually be determined only after 
the process. An attempt is made to develop, from the physical data of the equipment, 
a graphical method of guiding the grinding operatimi in such way as to obtain a product 
of sizes between certain dimensions. Examples using normal equipment for grinding 
ores or clinkers are given. 

520. An Xirresti^tioii Cmshltig l^enoniesia. Gaudin, A. M. Trans. Amer. Inst, 
min. (metall.) Engrs^ 1926, 73, 253-310. A comprehensive study of the mechanism and 
phenomena of reduction in jaw crushes, roll mills, rod and ball mills. Performance 
data and wear tests are presented in graphical form. In all, 84 graphs and illustrations 
are included and methods of computation of surface area are put forward. Discussion. 
IP] 

521. Frindpies of Mmefal Gaudin, A. M. 1939, McGraw-Hill, London, 

pp. 554. Chapters 1 to 9 deal with the prindpks of crushing and grinding, size deter¬ 
mination, machinery, classifier performance. Chapters 10 to 22 deal with the actual 
processing, giving examples from practice. 

522. Haiidbodk Mbera! Dressy Gerth, Hamann and Salzmann. Bonn 
University Buchdruckerei Gebr. Sdieur., 1952,256 pp. 43.^ D.M. 

523. Chart for OmsiiiDg and Screei^k^ Probleiiis. Gibbs, R. Ckem. metal!. Engng^ 
1943, 50 (6), 134-5. For closed-circuit grinding systems comprising a screen and, 
e.g. a cone, jaw or gyratory ausher, a <x>mposite graph is given which enables the 
crusher load to be read directly if the screen efficiency, percentagge oversize in feed, 
crusher opening, and percentage undersize from the cni^r are known. 

524. Griiidiiig Plairt Research. Parts 1-9. Gilbert, W. Rock Frod.^ 1931-4, 34-7. 
See under Ball Milk. 

525. MlQiiig Madiaes and MateriaL Grohn, H. Farbenztg.^ 1930, 35, 2328, 2376- 
424. Calculation of costs of milling from the use of skves of varying mesh. 

526. Proideias in the Rednedon rd* Indostrial Materials. Gruneher, W. Verfahrens- 
iechnik^ 1936, (1), 19-22. Since the knowledge of the physics of crushing is only at 
the be^hning, firrther research into the tl^oiy and tedmology of this subject is neces¬ 
sary. In this paper a daii&ation is made of those factors whidi govern the treatment 
of a material in relaticm to its physical characteristics, and particularly the formation of 
new surface. Practical applicatkms of present knowledge axe su^ested and reduction 
equipment is dassxfied in rdiatkm to materials to be crushed or ground. 

527. Regidatioii of P&tkie Size is FlotatioQ Prodact Grunts, W. Verfahrens- 
techmk^ 1937, (3), 98-103. The ad^^tage of sieving in conjunction with short tube mills 
is pointed out, espedaliy if the grinding and sieving is done in stages by returning over¬ 
size. The cost of milliirg is ^nalkr. Examples of flow sL^ds with graphical representa¬ 
tion of results for several materials are given. 

528. MkehanoatioB m Oearrl^ HANOScc^mE, J. P. Quarry Mgrs* 1946,29 (10), 
494-521. A guide to mechanization in quarries, with some useful remarks on cmdxm 
and the relation of medbanizatkm to the quality of produd. 

529. Feed System m €riD#^ Mils. Hanna, W. G., Kasser, H. E. and Harvey, A. 
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US, PaL 2318306, 1941. In a dosed circuit, the oversize return is made to oppose by 
impingeiT^nt, and control the amount of original feed. 

530. Control and Segregatfon in Dry Grindix^. Hendryx, D. B. Brick Clay Rec., 
Jan. 1954,124,45-6. A discussion of the relative merits of jaw, gyratory and single roll 
crushers and of the merits of dry pan v. hammer mill grinding. The gyratory cipher 
has least upkeep cost, is expensive, but is best for abrasive materials and flat pieces. 
Heavy hammer or slugger mills produce a higher percentage of fines than double or 
single roll machines. Gyrasphere or else the short head cone cracks into ^ins or cubes 
with minimum of fines: no attrition action. Heavy smooth rolls as in minmg industiy 
give same results but wear more quickly with abrasives. Fine grinding—ball mills for 
abrasives: roller mills or impact mills for soft dry products. Merits of dry pan v. 
hammer. See under Hammer Mills. 

531. Factofs CcMitnrfling the Capacity of Rock Onidiers. Hersham, E. A. Trans, 
Amer, Inst, min, {metalL) Engrs, 1923, 58, 463-78. Experiments made on a crusher to 
determine a factor to apply to theoretical capacity are given for various conditions of 
operation and for different ores. 

532. The Medxanics of Polverizors. Heywood, H. Chemical Engineering Practice^ 
Vol. 3, Chap. 4, pp. 97-108. Butterworths Sdentific Publications, 1957. The relation¬ 
ships between power, throughput and fineness of product are discussed and presented 
in graphical form. Sections on the dynamics of ball mills follow. 6 refs. 

533. Cm^xing Iron Ore. Howat, D. D. Iron Coal Tr, Rev., 1948, 157, 23 July, 
177-183 ; 30 July, 239-44. 

Pt. 1. Theoretical Considerations. The article deals with the basic considerations 
underiying present-day crushing techniques, including discussions on the relation 
between useful work and size reduction, fracture characteristics, particle sizes and 
characteristics and their influence on crusher design. 

Pt 2. Practical Aspects. Discussion of the various types of crushing machine used 
in industry, including jaw, gyratory, coarse roll, cone and hammer crushers, with 
features of each compared. A grizzly is illustrated and described. The advantages of 
non-choking curved plates of jaw and gyratory crushers are discussed, particularly 
with regard to output. The merits of miilti-stage crushing are discussed. Illustrated. 
6 refs. 

534. Factixis which li^ieiice Vaiiatioiis in Grinding and Scre^iing. Hursch, R. K. 
Brick., 1937, 91, 133. Grinding is influenced by the size, moisture content, hardness 
and cleavage of the material, and by the type of grinder, maximum size of discharged 
particles, rate of feed, and type of screen. These factors are briefly discussed. 

535. Preparatkm for Mhxing Raw Materials. Kirchberg, H. 1953, W. Gronau, 
Jena. 236 pp. 19 DM, Review in Gluckauf,, 1954,90,627. Pt. 1. General preparation, 
processes and machines (including coal). Fuel Abstr., 4302, Nov. 1954. 

536. Prc^ressive and €<MQtr(flled Grinding. Labat, M. Ginie Chimique, July 1956, 
76 (1), 1-11. After a review of ib& theoretical considerations and the data associated 
with change in size and distribution during normal grinding practice, the author points 
out the advantages to be derived from a procedure which he describes as progressive 
and controlled reduction. The paper refers chiefly to reduction to say—3 mm to carr 
or hammer mills. The procedure is that of interposing a sieve in a closed circuit, and a 
complete quantitative analysis of the circuit is made and illustrated by a series of 
graphs. Also taken into consideration are the effects of hardness of material (coking 
coal in this paper), wear on hammers and its quantitative effect on the product, moisture 
content, the effect of wanning the sieve on the ease of sieving, and therefore on the 
dimeiisions of the sieve and the benefidai effect of partly dried oversize return on tt^ 
feed moisture content. Other economies are indkat^, 

537. Fme Grindiiig Bivest^tk^ at Lake Sbcnce Mmes. Lake Shore Mines State. 
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Tram. Canad. Min. Inst. {Imt. Min. Metall.U 1940, 43, 299-434. A report on seven 
years’ experimental ‘fact-finding’ investigations into fine grinding of Lake Shore ores, 
with major emphasis on tube milling. See Nos. 1067 and 1119. [P] 

538. Chemical Ei^:iiieeri£^ Techniqiies. Laner, E. E. and Heckman, R. F. Reinhold 
Publishing Corporation, 1952. Chap. 4, Size Reduction, pp. 119-38. The principles of 
the chief types of equipment are described, including a small section on liquid reduc¬ 
tion. The difficulties and chief m^ods of reducing fibrous materials are also discussed. 
Chap. 5, Size Classification. The tcduiiques of classification are described, including 
those known as gravity separation. 

539. Ecommks of Stone and Coal Cfiisfahig.Prmc^ples of Vaiiovis Units. MacCarthy, 
C. P. Iron Coal Tr. Rev., 1953,167, 1457-60. 

540. Cm^mg Practice and Theoiy. McGrew, B. Rock Prod., 53,54, 56; Abstract 

in TonindustrZtg. 1953, H (1/2), 

Pt. 1 June, 1950,118-20. Historical summ^, from 1830. 

Pt. 2, Sept. 1950, 95 Definitions used in cnisl^r operations. Operating tenm and 

crusher classification. 

Pt, 3, Oct. 1950, 116-7 Operating characteristics of various types of crusher. 
Gyratory enters. 

Pt. 4, Nov. 1950,62-3. Gyratory crusher concaves. IJescription and tabulated 
settings, 

Pt. 5, Dec. 1950, 128-9. Gyratory reduction crushers. Reversible comaves. Fine 
reduction crushers. Hydrocone crusher. 

Pt. 6, Feb. 1951, 106-8. Some factors which influence crusher performance. High- 
and low-speed products. Reduction ratio and feed eflects. 
Pt. 7, June 1951,118-21. Jaw crushers, types and special uses. Geometrical analyses, 
tabulated settings. Diagrams. 

Pt. 8, July 1951, 65-8. Crushing rolls and their use. Includes chart for speed, 
diameter, and feed size. 

Pt. 9, Aug. 1951, 164-8. Special types of roll crushers, including toothed roll 
crushers. 

Pt. 10, Sept. 1951,67-9. Characteristics and performance of hammer-mills. (Includes 
diagram of on^ hanuner-mill with five stages of rebound 
from an involute casing. 

Pt. 11, Oct. 1952, 107-9. F crusher product curves and tables. Performance data for 
primary crasher products are presented graphically. 

Pt, 12, Nov. 1952,79-Sl. Selecting primary crasher. Consideration of project 
involved. 

Pt. 13, Dec. 1952,91-3. Selection of quarry equipment for efiicient crashing prac¬ 
tice. A ta!:4e of suggested sizes is included. 

Pt. 14, Mar. 1953, 105. Ccm^iarison of gyratory and jaw crashers as primaries. 

Pt. 15, May 1953, 96-102. SeleOkHi of secondary reduction crushers. 

Pt. 16, June 1953, 128-32. Crusher operation in open and closed circuit compared. 

Advantages of surge bins and storage piles. 

541. der (Handbook of Du^ Technology). Mex>AU, R. 

Verein Deutsche Ingenieiir Variag, DOssekk^f, 1952, 254 pp., 155 illustrations, 21 
tables, 24 DM. See urukr DiKt Hazards. 

542. The c€ Wear kt Cmdbmg mi Grin^ag Machanes. Miftag, C. Fer- 

fahremtechnik, 1939, (2), 60-2. It is intended to make dear the influoioe of friction and 
wear oh the wasted energy and on the output of variom machines as well as its relaticHi 
to the type of madiine. The ‘Conoentra* tube (ball) mill is designed, for instance, to 
minimize friction. 

543. Die Hartzerideineri^ (1867-1949). (Cradling and Grinding.) Mittag, C. 
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io<» v«-!ae Bisrlin 372 DD 190 figs., 90 refs. Pt. 1. Size reduction and 

Grinding and drying, and the modem vibratory ball mill are mcluded, pp. 1 174. 

Pt 2. Underlying theory and its practical 

with specially; e.g. explosion, vibratory ball mill and prall tectoques, pp, 175 250. 
Pt. 3. Application in industry, including classification, pp. 251-335. 

■544. Griiidii«CiystaBiiKMat«iaLMoND,A.L.a^/.i»a^272109,1926.Bu^ 

is increased by grinding under pressure, e.g. in an edge runner mm, so as to d^troy 
hollow spaces produced in the powder granule by pseudomorphosis m the manufacture. 


545. Resrits of GriadiiiglBvestfeatioiis Carried Out at the Mineral Dressing LabOTa- 

toty. Murkes, J. {Inst of Mineral Dressing, Royal Inst, of Technology, Stockholm). 
O.E.E.C. Technical Assistance Mission, No. 127, 1953, O.E.E.C., Paris, 9 pp. Obt^- 
aWc from H.M. Stationery Office. Some new view ^d methods of mterpretation. 
The author seeks to define some of the objects of grinding and the significance of some 
of the criteria. The advantages of using small balls for grinding are given, and of rod- 
mill grinding are assessed, but the lade of sufBcknt experin^ntal background has yet 
to be remedied. Graphic representation of results of experiments which show the 
advantages of using small balls for fine products are presented. These refer to suit- 
ai^ity for dressing of the product, energy consumption and grain size distribution. 
Much more investi^tion is needt^ before a quantitative relationship between the 
varial^es be established. The use of the rod mill at certain stages of grinding is 
advocate. [P] « 

546. Rode Samites Grinding as Determined Spectro- 

Igrapiicafiy. Myers, A. T. and Barnett, P. R. Amer. /. 5d., 1953, 251 (11), 814-32; 
J. Amer. ceramic Soc., 1955, 38 (5). The kind and degree of contamination resulting 
from jHilverizing in heavy grinding madiineiy is studied for six hard rocks, six un¬ 
consolidated sedimex 3 is, one massive quartz and one quartzite. The contamination 
fcHmd wasashigjias Fe—1 *5, Ni—0*006, Mo—0*002, Cr—0*001, Co—0*002, V—0*001, 
Cu—O-OOS, Mn—0*1, per cent respectively. 5 refs. 


547. A SfB^[N)siiiiii oa Devices and Praetkes. Myers, J. F. and Tower, R. J. 

Tech. PM. Amer. Inst. Min. Engt^, No. 2162, May 1947. Dealing with mineral dressing, 
and the equipment used, the authors d^cribe and illustrate methods of storage, 
oonv^ors, chutes, screens, classifiers, filters, and auxiliary equipment such as pumps, 
pipe lines, pulp distributors. Reference is made to stroboscopic viewing of grinding 
carried out on a small ball mill and the diflFerential movement of different layers of balls 
ol^erved. 15 pp., 14 figs., 22 refs. 


548. Zafid»erii^ Vorrkhtung mid MaM-anlagn^. (Crushing and Grinding 
Equipnent) Nasice, C. 1921, Verlag Otto Spamer, Leipzig. 330 pp., 415 figs. The book 
is de^c^ed to a description of reduction and andllaiy equipment, preceded by five 
pages of discussion on energy considerations and the appHcation of the Rittinger 
hypothesis. Includes a diapter on stamp mills. 


549. Factors Gorerng Faitide l^ze Grading tji Pnlvoized Matmals. North, R. 
Industr. Chem. Mfr., 1948, 24 (276), 5-11. 


550. GriiidiiigPiactice as Rriated to the Cbaractmstics of Materials to be Pulverized. 
North, R. Trans. Instn chem. Engrs, Land., 1954, 32 (1), 54-60. The characteristic 
properties of materials are enumerated and their effects on equipment design pointed 
out 

(1) Hardness. lE&ct on output. Superfine product decreases with increasing hardness. 

(2) Toi^kmss (e.g ruN)er, ebonite, perspex). DiflOkxilt to grind, but freezing facili¬ 
tates and is som^imes the only way (e.g. nylon). Expensive, but justified from fire risk, 
presmvatKHi flavour, vitamins. 
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(3) Abrasiveness, Wear. Generally No. 4 Mohs’ scale are abrasive. Over No. 5, 
cost of wear in hammer mills is prohibitive, e.g. pyrites, coke, quartz and silica sand. 
Better in ball mills where balls can be replaced cheaply. 

(4) Stickiness. Causes overload by adhering to the walls and failing. Agglomeration 
and poor classification and large circulating load. Best to dry completely if suitable, 
or put in hot air. Vibration avoids accumulation of heavy cake. Introduce, say, kaolin 
to improve flow properties, or certain additives to prevent agglomeration. Ball milk 
and screen-type hammer mills are unsuitable. 

(5) Temperature. Cool air or refrigerated air. But this increases size of dust collector. 

(6) Structure and Shape. The difference between friability with ‘fines’ range and 
other materials with large fragments. Flaky particles are more diflScult to grind and to 
classify. Output is diminished by flaky material. Roller and ball mills much more 
suitable than hammer mills. Fibrous materials are best dealt with in special foims of 
hammer mills which are used as shredders. 

(7) Specific Gravity. Output by wei^t is proportional. 

(8) Free Moisture Content. Damp materials can be dried for dry grinding or wetted 
for wet grinding. Otherwise they cake. One per cent moisture is about the limit, but 
probably less for a heavy material such as barytes, and much less according to the 
fineness of grindir^ required, 0*2% for very fine grinding. Hot air used sometimes. But 
material should be dry before crushing. Hot air carrying superfine dust particks must 
have a totally enclosed dust collecting system, which is expensive, and it may be cheaper 
to put in a pre-drying plant. 

(9) Stability. Inert gas or flue gas. 8% CO 2 gives protection for sulphur. Flue gas 
cheapest, but a dust collector is necessary. £?qplosion vents are advisable. Blast walls. 
Light roof. H.M. Inspector of Factories has a list of tested materials to be ground and 
advises on precautions. Starch, sugar, sulphur, pyrites, metal powders. Materials with 
water of crystallization need cold air. 

(10) Homogeneity. With non-homogeneous materials, e.g. softer material+0*5% 
quartz grains, the latter accumulates to a high percentage of the charge being actually 
ground and can cause serious wear, especially in high-speed mills, unless specially 
discharged. With recirculation the whole system can become overcharged. Therefore 
impact must be retarded and consequently output. The remedy is a separate mill to 
regrind the rejects. Ball and pebble mills are the most suitable, not high-speed mills. 
The only adverse effect here is reduction of output. 

(11) Physiological Effect. Remedies: wet grinding or efiSdent collection of dust 
under suction. Feed precautions. Avoidance of dusty elevators and poor sacking 
methods. 

(12) Purity. Regarding permissible contamination with iron or silica and elimination 
chemically or magnetically (for iron). Stainless steel construction. 

(13) Size of Feed. For milling, hmd feed should be precrushed to less than f in., 
sok feed could be up to 11 in. Feed that is too large could accumulate in the grinding 
chamber. 

(14) Fineness of Product. Most powders tend to blind screen cloths finer than 60 mesh. 
Therefore air separation is generally the best. Fine screen cloths are expensive to buy 
and maintam. Punctures may pass undetected. Sizing 10-mesh product can be done by 
air, but is expensive in fan power. Change over from screen to air classification becomes 
advisable at about 30 mes^L 

Summary. 1 ref. 

551. The Pres^ State of Grinding Tedmolpgy. Quesnel, G. (Societe Stein et 
Roubaix Paris.) Genie Civ., 1953, (19), 370-1; (2)0, 388-90; (21), 405-6. The three 
articles review the present state of pulverizing technique. They deal respectively with 
the characteristics of the material to be ground and methods for determination; the 
second deals with the three mechanisms of grinding and the appropriate equipment: 
(1) by reducing between a moving and a stationary surface; (2) by impact or shodc; 
(3) by trituration as in a ball mill. Som& equipment is illustrated. The third article 
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deals with methods of separation, simultaneous drying and grinding, choice of type of 
grinder, wet grinding and method of feed. 

552. The Mlural Laboratory at Atiwmc Energy Research Establishment, 

HamdL Patciung, S. W. F. Jndustr, Chem. Mfr.^ Feb. 1952, 65-71. 

553. Commin^ioii Hant. Pioneer Engineering Works, Minneapolis. Engng 
News Mac., 1951, 146 (2), 135. A booklet giving information on crushing, screening 
and washing, and materii handling. Charts are presented showing the percentage of 
each size of stone to be expected in the produce of crushers. 

554. A l>^cii^ion of Grind&ig and Classification Circuits. Playford, M. E. Proc. 
Amen InsL Mm. Engrs (New Series), 30 Sept. 1933 (91), 439. 

555. Mmeral Dressmg at the Royal SdKKxl of Mines. Pryor, E. J. Nature, Lond,, 
1954, 173 (4404), 565-6. The resources of the new laboratories opened on 17 March 
1954 and their applicability to special training in this subject. 

556. Partide Size Analysis of Cnidied Products. Ratcliefe, A. Proc. Imtn mech. 
Engrs, bond., 1 950,162,378-91. The differences in size reduction produced by a hammer 
mill, a ball mill and jaw, gyratory and roll crushers have been examined by sieve 
analyses. The products of the mills contain a larger ratio of small sizes; the crushers 
produce a closer grading of the coarse particle fraction owing to their sizing action. 
Gaudin’s law of particle size distribution is given a mathematical basis. 

557. Textbook of Ore Dressh^ Richards, R. H. and Locke, C. E. 1940, 3rd Edn., 
McGraw-Hill Co., New York. Laws of crushing, chap. 7, pp. 88-94. Discusses 
Rittinger and Kick laws. Gives formula for the calculation of horsepower in crushing. 
Condudes that friction plays a large part in crushing; external (among the fragments) 
and internal (molecular), Oassifying and settling in water, chap. 10, pp. 127-70. 
Gives laws of settling and the results of experiments. Describes several classifiers. 
(2nd Edn. 1925, 1st Edn. 1903.) 

558. Cast fron for Oudmig Machinery. Riley, R. V, Int. chem. Engng, 1950, 31 (4), 
170-3; (H), 500-2. An outline of the qualities required in an abrasion-resistant 
casting, and a review of the metallurgical properties of some cast irons. A review of 
recent Improvements in crushing and grinding machinery.’ 

559. Size Redactioii. Riley, R. V. Jnt. chem. Engr^, 1950, 31 (1), 15; (4), 170-3; 
1951, 32 (1), 22-6; (12), 577-81. A review covering jet mills, homogenizers, particle 
size measuiement, explosion, fire risks, and recent improvements in crushing and 
grinding madiinery. 63 refs. Jet pulverizers open up new possibilities; and 100% 
agrera^t with practice is claimed for one theory of the ball mill. 

sm. SSze Reiuctioil. Riley, R. V. Chem. and Process Engng, 1953, 34 (1), 8-12. 
A survey of 1952 papers. Grinding theory. F. C. Bond’s, Carey 8 c Stairmand’s theories. 
Opera^nal principles are dealt with in detail. New research and studies in 1952, 
including t^ Cremer Committee needs. New materials for machinery and a tabular 
r^^es^taticm of wear-resisting alloys. Review of crushers and of ball mills and jet 
pulviraiaers. Specialized methods, e.g. micronizers and pan mills. 50 refs. 

561. Sm RetertiOQ. Riley, R. V. Chem. and Process Engng, 1954, 35 (3), 81-4. 
A ^irvey of the literature 1952—3. The flow diagram for preparation of vermiculite is 
included. 77 refs. See also Verndcuiite, H.M. Stationery Office. 

562. Size ReductioB. Riley, R. V. Chem. and Process Engng, 1955, 36 (6), 199-202. 
A review of developments during 1954 as reflected in periodical and patent literature. 
Cor^lucte ih&t little contribution is made to the understanding of the fundamentals 

comminution, although scientific approach is applied to practical problems. 

563. RodkCrustog Tests. Rc^ers, M. K. Bidl. Amer. Inst. Min. 
Engrs, 1915 (105), 2053. Reports of rock-crushing tests should include the following 
details. (1) Description of the machine employed (jaw or gyratory crushers, rolls. 
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stamps, tubes mills, Chilian mills, etc.). (2) Method and material (timber, concrete, etc.) 
of foundation. Much power is dissipated in the vibration of poor foundations. 
(3) Locality from which the rock or ore was obtained, and geological, mineralogical, 
and physical characters of the material. (4) The power consumption of the machine 
running with no load and with full load, the unit of power being 1 h.p. per 24 hours, 
(5) The capacity of the machine in tons (of 2000 lb) per 24 hours. (6) The duty in tons 
per horsepower-day. (7) The screen analysis of feed and product by the proposed 
A.I.M.E. standard screen scale. 

564. Researches on Stone Cnisfaijag with Particular Regard to the Shape of the 
Product, Rosslein, D. Quarry Mgrs* 1946, 30 (4), 207-22; Build, ScL Abstr,, 1946, 
19, 353. See under Aggregate. 

565. Developments in Size Reduction Technique, Rlmpf, H. Chem. Fabr,, 1953,5 (7), 
521-6. A vital factor in development is a clarification of the objective in any crushing 
problem, e.g. specification of requirements for fineness, upper and lower limits, shape 
and size distribution of particles, the precise effects on these of the crushing devices in 
relation to the properties of the feed material. A comprehensive table is presented, 
showing the relation between the characteristics of some 30 types of material, their 
uses, and the particle characteristics of the ground product. In addition, the individual 
methods of size reduction are treated briefiy with regard to modem development. 

The paper is not concerned with coarse crushing. 

566. Simultaneous Grinding and Flotation. Schelunger, A. K., Shepard, O. C. 
Min, Tech,, Sept. 1948,12, Tech, Ppr, No. 2461,6 pp. A laboratory grind float machine 
is described. Tests on two different ores show that overgrinding is lessened by com¬ 
bining flotation-separation with grinding into one operation. See under Ores. 

567. The Effect of titeSoMd-Hquid Ratio on Grinding a CeininicNonidastic.ScHWARZ- 
WALDER, K. and Herold, P. G. J. Amer, ceramic Soc,, 1935, 18, 350. An electric- 
furnace mullite, previously ground to pass an 8-mesh screen and of sp. gr. 3*04, was 
wet-ground with solid-liquid ratios of 2*7 to 1 and 1 to 1-5 for various lengths of time. 
Grain-size distribution and surface area, determined by the Wagner turbidometer 
method, were compared. The material ground with the least water gave a lower per¬ 
centage retained on a 325-mesh screen, fewer particles between 10 and 60 microns, 
and more between 0 and 10 microns, 

568. Fine Grinding of Minerals. Shay, F. B. Foote Prints rare Met,, 1941, 14 (2), 1. 
The variation of certain properties with particle size is indicated, and the relation of 
power input to particle size is shown. The different types of classifiers used for the wet 
and dry separation of the ground materials are reviewed, and a general description is 
given of the methods of checking the size of the products. 

569. Primary Crushii^. (Progress Repmrt No. 2.) Sheppard, M. Rep, Invest, U,S. 
Bur, Min,, No. 3380, 1938, 16 pp. An investigation on the lines of Report No. 3377 
with a 60 X 48-in. Blake Jaw crusher and 27-m. gyratory crusher, crushing granite. 
12 graphs and 8 tables are presented. Among a list of conclusions concerning particle 
distribution of product, it is suggested that particle shape is a function of reduction 
ratio rather than crusher setting, the smaller the ratio, the more nearly cubical the 
product so far as the above two crushers are concerned, |P] 

570. Primary Crashing. (Progress Report No. 3.) Sheppard, M. Rep, Invest, U,S, 
Bur, Min,, No. 3390, 1938, 10 pp. Reports 3377 and 3380 dealt with comparisons of 
different types of crushers crushing the same type of stone. The present deals vvith the 
relation between feed and product of two different limestones as to size distribution 
and shape, when crushed in the same crusher, a 48 x 36-in. Blake-type Jaw crusher. 
11 graphs, 6 tables. The results show that there is no relation between the size distribu¬ 
tion curve and the shape of the product, and suggest as in No. 3380 that the major 

^ tendency of crushers that depend on pressure for comminution is to break through 
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the particle in a direction nonnal to the crusher faces, forming nearly cubical fragments, 
and that the minor tendency is to break by radial pressure to form slabs. The tendency 
to formation of cubes is f^uticularly noticeable in crushing — 12+8*5-in- lumps, the 
most cubical size product being - 8-5+6 in. (the product of a single break). DP] 

571. Piimry Orasltog. (Sonunary of Field Tests.) Sheppard, M. Rep, Invest. U.S. 
J3^. Mm., No. 3432, 1939, 41 pp., 5 figs., 31 tables. The investigation is concerned 
with the relationship between the size distribution of the feed to and the product from 
prhnary crushers and with effect of crushii^ on the shape of the products under 
various conditions. Brief n^ention is made of the different types of primary crushers 
in use, and descriptions are given of the method of selecting samples and of determinmg 

distribution. The results of tests made in different crushers are tabulated and the 
conclusions drawn are as follows: (1) the size distribution of the products from crush¬ 
ing, uiKkr similar conditions of feed and discharge setting, in the Blake-type crusher, 
the gyratory crusher, and the single roll crusher is similar; (2) changes in the size distri¬ 
bution of the feed to the crusher are reflected to some extent in the size distribution of 
the products; (3) crushing a selected size of small lump stone produces a higher per¬ 
centage of coarse product in the sizes near that of the crusher discharge than the 
crushing of large lump stone; (4) crushing nm-of-quarry stone produces more fines 
than the crushing of lump stone; (5) the size distribution of the product from crushing 
in the swing-hammer mill differs greatly from that of other crushers used; (6) changes 
in the size distribution of the feed to the swing-hammer crusher cause no change in the 
size distribution of the product; (7) dbanging the size of the discharge opening of Blake- 
type crushers causes changes in the size of the product; (8) the effect of scalping from 
the crusher feed the material smalkr than the crusher discharge opening and recom¬ 
bining the scalped material with the carusher product is to reduce the amount of fines 
produced, irrespective of the friability of the stone crushed. [P] 

572. S«25e Redoctioa. Smith, Julian C. Chem. Engng, Aug. 1952, 151-66. An up-to- 
date presentation of the field of size reduction (previous special issue on Mechanics, 
sec Chem. Processing, 1938). Emphasis on the selection of crushing and grinding 
equipment. A list of 37 fiims and addresses and types of equipment made. New 
tedmiques. Descriptions of various types, with illustrations and with curves showing 
relations between capacity, size and horsepower, etc., in many cases. General theory, 
brief discussion. [P] 

573. Pdvmzer P^mnaiice. Smith, V. Elect. Rev., Land., 8 Oct. 1948, 553-5. 
Comparison of three types of mill. The low-speed ball mill^ the medium-speed vertical 
ball or roller mill, and the high-speed horizontal axis beater mill are considered from 
the points of ww of first cost, efiects of moisture content, manufacturers’ guarantees, 
maintenance costs, annual charges, power consumption, fuel costs and efficiencies. 
Taking these together the low-speed mill in spite of higher initial cost and power 
diarges shows a substantial annual saving over the medium and high-speed mills, 
by a small ftaction of the fuel and power costs. [P] 

574. Notes on the Sdectioa Pnlvariz^s. Smith, V. Cheap Steam, 1950, 34, 107-9. 
Gives a list of the factors govemi]^ the choice of a pulverizer (for coal) and discusses 
each factor. Graphical representation of effects of grindability, fineness of product, 
moisture content. 

575. HandiKN^ Ore Dres^. Taggart, A. F. 1927, Wiley & Sons, New York; 
Chapm^ & Hall, I^ondon. Rewritten as: Handbook of Mineral Dressing, 1945, 
22 section^ 1900 pp. The book <feals with the mechanical processes involved in the 
concentration of metalhierous ores and the beneficiation of industrial minerals. 
It is based on replies to elaborate questionnaires. Consequently in the sections dealing 
in cfetail with miliing and crushing machinery, extensive tabulation of performance 
data is presented. [P] 

576. Uiifs of Cni^^ Capacity and Carter F^iaacy. Taggart, A. F. Tech. 
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FubL Amer. Inst. Min. Engrs^ No. 1297; Amer. Ceram. Abstr,^ 2Q, 268, 1941. The 
capacity of a crusher depends on the crusher setting size of feed, fines, moisture, and 
method of feeding. This is expressed by 7j?, reduction tons per 

hour, is the new capacity unit. T is hourly wei^t of feed coarser than the coarsest 
discharge, i^go is 80% reduction ratio and is the aperture that would pass 80% of 
the feed divided by ^e aperture passing 80% of the product. AT, K' and K"' are kiiad of 
rock, moisture and method of feeding respectively. may be estimated from 
tables given if it cannot be measured. AT is 1 *0 for limestone, 0*85 for granite, and 0*75 
for trap or diabase. K' is 1-0 but may fall to 0*5 or less if the fines are wet enough to 
cake. K"" averages 0*5 and rarely exceeds 0-75. The efficiency unit proposed is reduction 
tons per horsepower-hour and is Ec=TrIF. F is horsepower consumed. Ec is fairly 
constant for one crusher. Examples are given for the calculation and use of Ec. 

577. Crushing and Grindli^. Ure, S. G. J. Soc. chem. Ind., Land., Pt. I, 1924,43 (2), 
1144; Pts. n and HI, 1925, 44, 321, 349,551. Current types of grinding equipn^nt are 
described and illustrated. Part I. A short discussion of ffie principles of comminution 
andof Rittinger and Kick laws precedes a description of jaw, gyratory and disc crushers. 
Part n. Deals with breaker rolls, four-roll crushers, three-tier breakers, impact 
(hammer) mills. Disintegrators, opposed hammer mills, pin mills, horizontal and 
vertical, squirrel-cage mills. Part HI, Deals with ball mills, Allen’s ‘Stag’ ball mill, 
Hardinge mill, tube mills, combined gyratory and cone crusher, Griffin mill, Bradley 
three-roll mill, ring-roll mill (vertical ring), Huntington mill (horizontal ring and 
runners), Raymond mill. Fuller mill (ball race). 

578. Progress in the Field of Heavy Chemical Equipment. Waeser, B. Chem. Fabr., 
1941, 14, 39; Ceramic Abstr., 1942, 21, 219. A discussion of the factors promoting 
efficiency in grinding, followed by a review of new construction and patents. 60 litera¬ 
ture refs. 50 German patent refs., from 1928 onwards. 

579. Milling. WAEspi, B. Kolloidzschr., 1952, 126, 149-50. A review of recent 
developments in crushing and grinding, beginning with a discussion of various theoreti¬ 
cal treatments, e.g. Smekal, Pelshenki, Anselm. 

The achievements of jet mills are then referred to with the achieved finenesses of 
some 17 minerals. Reduction of food materials is then discussed and two pages are 
devoted to a review of a large number of German patents. A final section describes 
some new construction developments and over 40 refs, are appended. 

580. Grinding Plants fw the Cem^t Ihdiistry. Walder, E. Escher Wyss News, 
1950-51, 23/24, p. 102. A description of combined drying and milling wiffi pneumatic 
classification, followed by a description of a mechanical classifier which is claimed to 
save 15% of power consumption if used instead of pneumatic classifier. 

581. Cnsshii^ and Grinding. Principles of Chemical Engineering, Chap. 9. Walker, 
W. H., Dewis, W. K., Gilliland, E. R. and McAdams, F. 1937, McGraw-Hifi Co. 
749 pp. Particle size. Energy consumption. Klick v. Rittinger laws. Selection and 
classification of machines. Primary and secondary crushers (Intermediate). Pul¬ 
verizers. Conditions governing fineness. Description of mills. 

582. Cmshing and Grindii^ Tedmi^pies. Walter, J. Rev. Mater. Constr., 1952 
(441), 163-70; (442), 193-98. This is a study of recent English technica literature. 
It notes the considerable progress brought about by large-scale tests in U.S. A, Can^ 
and South Africa. The French technician has at his disposal the experience of foreign 
research workers, who are less concerned with formulating laws than with a^rtaining 
the best industrial conditions. The paper reviews the advantages of the various kinds 
of crushing operation, while advocating continuous cycle and multi-stage operations. 
A large bibliography is appended, 20 annotated refs, and 38 others. 

583. hiteriHretatian of Sieve Analyids. Warneke, F. Chem. Engng Min. Rev., 19^, 
38 (453), 323-9. The author discusses a method for calculating the efficiency of size 
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reduction processes based on a knowledge of size distribution. Although sieve analyses 
of Iwtcrc^neoas materials cannot be extended mathematically as the author has done 
with fairly homogeneous materials, it is obvious that the large surface ^ea associated 
with the fmcst size particles indicates a large proportion of energy w^ted on unwanted 
hues. E\’en a ^naii reduction of this fines would allow more energy for useful grinding 
and would repay efforts in design for such economy. 


584. Cmdyfeg PulveiizatioiL Work, L. T. Indusir . En^ng Chsm. ilndustr^y 
1929,21,498. Reference is made to the low apparent efficiency of crushing and grinding 
and to Martin’s and Gaudin’s equations for the size distribution of particles. The 
author suggests that Martin’s law holds for the larger size of particle and is a primary 
function, and that to this primary function is added a secondary function. The 
remainder of the paper describes various types of crushing and grinding mills. 


585. DNereiopHicfiits in GrindOiiig. Work, L. T. Industr* Engng Chetn, (Industr.'), 
1938, 3Q, 130-5. The author mentions modifications in gyratory crushers to overcome 
difficulties in finer grinding, also the Simons disc crusher, roll granulator, the Raymond 
bowl mill and its advantages, the new Babcock & Wilcox ball and ring mill and its 
charaderistics, new high-spe^ mill designs, and a concentric basket mill. Modifica¬ 
tions in bail-mill liner design and naaterial, the novel German vibration bah mm and 
the renewed status of fluid jet mills are discussed. Grinding aids, plant auxiliaries are 
referred to. Diagrams include particularly those of liner plates of ball nmis and hi^ 
and low outlets of the latter. 3 refs. 


586. Size Reduetkm. Cni^hiEig and Grindiii^. Work, L. T. Industr. Engng Ghent, 
ilndustr.). This is one of the Unit Operations section of each January issue of ‘I.E.C.’ 
from 1947,39, to 1953,45. Since then the Unit Operations review section has appeared 
in the Maich issues. 

A summary is presented of the published papers of each preceding year on grinding 
mills, particle size measurement and classification. 


GRINDING AND DRYING 

587. Lmigi MaMtrodiiKn^ Process (Puhro-Drying). O.T.S. U.S. Dept. Commerce, 
PB. 22497, 72 pp. A process developed jointly by Krupps and the Lurgi Gesellschaft 
fiir Warmetechnik, for drying and disintegrating, in suspension, high-water-content 
coal of the lignite type. Full details are given, supported by illustrations. The process 
has some real merit, but appears somewhat complicated. 

588. Expedence with tiie ComMned Dryii^ and Grinding of Clay. Balkevich, V. L., 
Dcmbrovolsky, I. S., Zayouts, R. M. Glass Ceramics^ Moscow (Steklo i Keram\ 
1951, 8 (2), 12. Trans. Brit. Ceram. Soc., 1951, 50 (9), 377a. A Russian institute has 
built and tried emt an installation for the simultaneous grinding and drying of clay. 

589. S^i^laiieoiis Gimding and Ihyii^ of day. Butkevich, V. M. Glass &. Ceramics^ 
Moscow iStekh i KeramX 1952, 9 (10), 14-7. Translation by Cass in Brit. Clayw.^ 
Aug. 1953, 62 (736), 154. An air-swept hammer mill was used. Results were quite 
satisfactory. Ihere was no clogging. Performance and results from several tests are 
^bulated. 

590. Tbe Simdtan^iiis Grtodii^ and Drying of day. Essere, G. Industrie ciramiquej 
1952 (433), 257-8. See under Ceramics. 

591. MiB Dryiog of CoaL Fitze, M. E. Trans. Amer. Soc. mech. Engrs.^ May 1941, 
63,273-6. Mill drying by means of flue gases is ^own to result in improved efficiency, 
less d^>osit, reduced capital outlay and costs, and the practical elimination of fire and 
explosion hazards. 

592. Hie Coi^l^ed Dryii^ and Grindii^ day in a Shaft MilL Gonchar, P. D. 
Gkws ^ Ceramics^ Moscow {Steklo i Keram.% 1951, 8 (2), 16-18. The dimensions of a 

hammer miD for grinding plaster were too large and the rotation speed too low 
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for the combined grinding and drying of clay. A smaller mill would permit smaller 
volumes of gas at high temperature to pass at high speed and carry 2- to 3-mm particles. 

593. The Mill Unit as a High-duty Dryer. Handscombe, F. L. and Moyer, J. 
Proceedings of the Pulverized Fuel Conference, Institute of Fuel, London, 1947, 
747-67. Greater efficiency can be obtained and the cost of equipment reduced by drying 
and millin g coal in a single operation. The drying capacity of a mill is calculate and 
the combined mill performance is presented graphically, showing where grinding 
capacity exceeds drying capacity and vice versa. The paper concludes with an account 
of features of mechanical design which must be considered in avoiding operating 
troubles. [P] 

594. Mechanics of Present Pdverizii^ Practice. Hawksley, P. G. W. Proceedings 
of the Pulverized Fuel Conference, 1947, 656-87. Institute of Fuel, London. Includes 
performance data on grinding and drying. An approximate calculation of the drying 
capacity of pulverizers is given in a short appendix. [P] 

595. A New Method of Drying and Grinding Clays. Mahler, J. H. Claycraft^ 1951, 
24 (1), 249-52. A disintegrator is described which is swept with hot gases so that 
moist ball clay containing 16% water can be crushed to a dry powder having only 
1% water of which 90% will pass a 300-mesh sieve. The machine is self-contaii^ 
and consists of firstly a hamme r mill for beating the clay against the liner, after which 
the reduced material is further reduced by air turbulence in an attrition zone. Hot 
gases from a coke, coal or oil furnace are delivered via a cyclone to the mill umt. 
Nine tons per hour of coarsely-ground clay are obtained firom 70 h.p. Illustrations. 

596. Qoantifative Data on Mill Dryii^. Naske, C. Zement^ 1933, 22, 719-^. Data 
in detail are given for a Humboldt Mill and two Loesche Mills. Other nulls suitable for 
this work are illustrated diagrammatically. 7 refs. [P] 

597. Graduated Process of Dryii^, Crushisg and Grindii^ Clay. Otto, C., G.m.b.H. 
Chem. Tech., Berlin, 1942,15,185; Build. Sci. Abstr., 1943,16,18. Crushing and grind¬ 
ing are carried out in three stages, as high as possible a moisture content being main¬ 
tained. Only sufficient hot air is introduced during the second stage of crushing and 
during grinding in order to prevent the clay sticking during the latter process. 

598. Mill Diyii^ in Palveiizii^ Hi^ Moistare Coals. Rogers, W. C. Mech. Bigng, 
N.Y., 1953, 75, 659-70. At above 8-10%*moisture, handling is difficult. The paper 
describes the conditions for satisfactory mill drying and suggests naeasures for treating 
wet coal where increased drying capacity is not desired. For instance, greater turbulence 
and hi^er temperature of the drying air are suggested. A flow sheet and a diagram of 
a swing-hammer crusher dryer with feeder are given. 

599. Mill Dryii^ Rosin, P. and Rammler, E. Ber. Reichskohlenrates, No. 10; 
Braunkohle, 1927,26, 261, 286. Ring-roll mill performance on coal with simultaneous 
drying and grinding. Heat requirements and the necessary compromise between grind¬ 
ing and drying are dealt with. [P] 

600. Flasli-Dtyiiig and Calcining as Developed fircnn Mill Drying. Senseman, W. B. 
Tech. Fubl. Amer. Inst. Min. Engrs, No. 1897, 1945, 13 pp.; Min. Tech., 1945, 9 (5). 
All grinding plant using air removal has tended to dry the material being ground. 
This has now been developed to a process in which drying and/or calcining is the 
mflin object. High-Speed hammer or squirrel-cage mills are used, with fan combined 
and a cyclone separator working on a closed air cycle. From this a venting fan draws 
off* moist air, which is replaced by hot gases from a furnace. Very wet feed, containing 
60% of H 2 O, can be mixed with pre-dried material before passing to the mill, whilst 
multi-stage working makes for thermal economy and high temperature, if required, 
in the fi nal stage. Short heating periods and rapid cooling of hot gases makes the 
process workable with heat-sensitive substances. 10 diagrams. 
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60L New WajfS for Milliiig and Dust ROTO?aL Tives, T. H. Ber* dtsch keram, 

Ces.y 1938, 19, 85. A desoriptioii with diagrams of grinding coupled with pneumatic 
drying and damnification. Various types of mill are described. 

60Z Gria^ Wants for the Canart Industry. W^er, B. Escher Wyss News, 
1950-51 (23/24), 102. A description of combined drying and milling with pneumatic 
classification. 

SUPERFINE GRINDING 

603. GfWfiae and TYeatmeiit of Minerals. BJ.O.S. Final Report, No. 1356, p. 32. 
H.m/S tationery DflSce. A Vibration ball mill made by Siebtedmik G.m.b.H. can 
reduce hard materials down to 1 micron. See under Vibratory Ball Mills. 

604. Fme Oinding hs Osdflating BaH MQls. See also under Vibratory Ball Mills. 

605. Some y ^ T p p i rini giifag on Cdloidal Grindh^ with a Ball MOIL Andreasen, A. H. M,, 
Berg,’s. and Kiser, E, KoUouhsekr., 1938, 82, 37-42. A reduction to less than 100 
miHi-mu was accomplished by grinding (for the first time) in a laboratory mill. Finely- 
ground iron oxide or barytes in quantities of 1500 g was ground with 7*94-mm or 
3*93-mm steel balls, using 1500 c.c. water with suffident sodium pyrophosphate to 
achieve a 0-01 molar solution. This was to reduce viscosity as grinding proceeded. 
Further additions of pyrophc«phate solution became necessary to maintain a low 
viscosity. Samples were withdrawn by pipette at intervals during a 72-hour grinding, 
and after certain precautions, the size distribution was determined by the Andreasen 
pipette mdhod. The course of the reduction is tabulated. Approximately 50% of the 
barytes charge was reduced to colloidal dimensions (100 milli-mu) in 72 hours. Refs, 
quoted: Uhino, B., KoUoidzschr., 1923,32,149; Berg and Reitstatter, ibid., 1928, 46, 
53; Ktesskalt, Verfahrenstechnik, 1936, (3); Naske, Kieser, Handbuch der Chemische, 
Techfusche Apparatur, 1937, Berlin, 893 pp. 

606. Esthiiatkm^^theGriiidiiisAbfiityofFliieGriiidh^ApparatiK 

of Soiobiity and Heat dT Wettmg. BoiXffiKER, K. Verfahrenstechnik, 1943 (3), 71-2. 
It is of importance to determine how far various processes go towards the limit of 
fine grinding. The finest possible grinding is quite remote from molecular dimensions, 
but with some materials, such as cellulose, sugar, molecular arrangement can be 
discndeied to fhe extait (with cellulose) of &e disappearance of the X-ray diagram. 
The energy thus absorbed and as determined by heat of solution or wetting of the 
giOTiKi material is correlated with the operation of the mill concerned, and its fine 
grinding c^l^ty determined. Results are presented for the grinding of sugar in 
carbon tetradbloride in ball mills and oscillating ball mills of various designs. The 
sq;mated sugar product is then dissolved in water and the heat of the solution deter- 
mbiecL The most efiMent mill, both as to fii^ness and speed of grinding, as judged by 
h^t of solution criteria, is the oscillating mill with steel balls. 

607. Atleoiiiit to Produce Caiixm Wack by Fine Grindii^. Bremner, J. G. M. and 
CocOTT, J. H. JJ?./. Trans., 1948, 24, 35-51. Gas coal was ground to 2*5 microns, 
anthrache to 0*75 mkarons arid pit^ coke to 0*15 micron in periods from 1 to 5 days, 
using i-in. cast-iron balls. Low hydrogen content favoured fine grinding down to 
abtHA 04% H. The authors succeeded in reducing re-coked pitch to 100 milli-mu, 
and in retodng rubber blacks in size, although spectral blacks of 75 milli-mu were 
increased in siae on grinding. Ihe products were also tested by incorporation in stan¬ 
dard tyre tread mixies, the efiTects on hardness being proportional to fineness. (Imported 
UJSLA. channel blac^ have a msaa diameter of 30 milli-mu) 14 refs. (Interest in 
manufi^hmiig carbon black by grinding has lapsed, ev^i though the efi&ciency of 
conversion from natural gas is only 3%.) 

608. D^qpeffsioD <€Pl9iientsMBaB and PdbldeMillteL Fischer, £. 

Ckem. ilruhistr.y, 1941,33 (6), 1465-71. C^)dmum conditions for the operation of steel 
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ball milts for pigment dispersion have been investigated in mills from laboratory to 
production sizes. The author concluded that rate of grinding was proportional to 
the number of ball contacts and is greatest with very small balls, provided that 
viscosity of mix permitted cascading. The author showed that the rate of dispersion of 
iron blue in linseed oil of 2-2 to 3 poises is in order of the ball sizes, i, i, in. 
(greatest for balls) (R.A. Mott, /. Soc. chem. Ind., Nov. 1950, found agreement 
except for A-in. balls). 

609. The Gases Locked up in Coal. Fischer, F. et aL BrennstCkemie, 1932,13,209. 
See under Vacuum Ball MilL 

610 Effect of Grinding m Kaolinite. Gregg, S. J., Parker, T. W. and Stephens, 
M. 3.'Clay Min. Bull., 1953, 2 (9), 34-44. During the disintegration of china clay by 
grinding, some chemical decomposition takes place. 

611. Milling InstallatiOTis fw Production of Dust. Hermission, H. J. Verfahrens- 
technik 1938 (3), 75-80. Conventional installations are described, but the finest 
grinding is done by an oscillatory mill. (jSee Kiesskalt, ibid., 1936, (1), 1.) Illustrations 
of all mills. 

612. Fine Grinding of Mtfle Organic Products such as Roasted Coffee. Kirschbaum, 
E. and Schmidt, H. Chem.-Ing.-Tech., 1953, 25, 598-600. See No. 2086. 

613 Pectin. Evidence of Mofccular Constitution frmn Dry Grindii^ Lampht, L. H. 
etal. Chem.&Ind.{Rev.\A^p.^ 1954, p. 11 13 . There is evidence for molecular break¬ 
down after 8000 hours’ grinding in a ball mifl. See under Foodstuffs. 

614. Effect of Grinding on Mica. MACKENzaE, R. C. and htoNE, A. A. Clay Min. 
Bull., 1953, 2 (9), 57-62. The effect of fine grinding on the lattice structure of rmcas is 


described. 

615 Fine Dusts in the Sub-mim>scoiac Field, Shape Analy^ and Course of Dry 
GriDdfa®. Meldau, R. Verfahrenstechnik 1940, (4), 103-6. E^ri^tal res^ 
reported for red beech, hickory and balsa woods, ch^coal, lignite, cod ^d^k^ 
m^y ground in osciUating mills. Photo-micrographs of o^^med by el^on 

optic enlargement (x 19 000) are printed for f 

could not be detenmned, but appeared to be about 200-500 A. 10 rets. 

616. Superfine Grinding of Coke and otha: Materiab. Mott, R. A. J. Soc. chem. 

1^50 69 346-9 An account of an interesting senes of experiments on the fine 
S4'S’<Sl^cote on the laboratory scale A^riew is given of som^f^ 
Mature, particularly mentioning the paper by J. G. M. Bren^ and 
vXsom^ of whose conclusions the author disagrees. It has be® found ^ssible to 
grinri coke mechanically to a partide size of about 30 noiCTO-mu, ttot is, as fee as^ 
finest carbon fet such an achievement is only of academic interest. 

Si mSvLc rfu* invol«I a M -I — ^ li, aad 
are riven, and it is conduded that dry grinding with -^m. b^ can r^uce the sim of 
Sd^ri’mu size in 1 hour and to 1 -5 mu in 8 hours, after which grmding ceases o^ 
SSkes less easily and grinding can proceed to 0-33 mn before cakmg 
with co4 and using a relatively proporbon of co^ 
nennits down to 30 micro-mu. Distilled water contammg 0 6 to 2 O/o ®to 

S is^S medium found. Drying diould be slow or else the ground material 

agglomerates to a hard mass. 7 refs. 

^10 iTnHfuar Mkioscope Studies on Ccdloidal CaihcHi and the Role ^ 

in Rubber RdnCmrcomeiA Wieqand, W. B. India BiM. World, 1941, 105, 
270-2. See under Carbon, Graphite. 
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619. Tfae Pr^aratioii of Fines and Ultra Fines, Winkler, M. Bergbautechniky 1953, 
3, 63-70. 


GRINDING aids: ADDITIVES 

620. Diyiog and Grindii^ of Metal Stearates. O.T.S., U.S. Dept. Commerce, 
Washington, IR 13016, 1954, 3 pp. Obtainable from Lending Library Unit, D.SJ.R. 
The U.S. A. metallic stearates are usually dried by tunnel drying m a hot-air stream or 
by transfer drying. Son^ information is given on type of equipment and capacity. 
Ihc behaviour of Al, and Ca stearates in grinding processes is discussed and 
references are given to manufacturers of grinding equipment. Up to 1000 Ib/h at 
-200-m^ and up to 700 Ib/h at -325-mesh can be obtained by the 5-h.p. 2 DH 
Mikro-Pulvcrizer of the Pulverizing Machinery Co. for aluminium stearate. 

621. A BiHi(^p6y «n Viscodty of and Wcarkability Aids for Cement Paste. Anon. 
Rev. Mater. Constr. C., 1953 (459), 347-52; Build. ScL Abstr., July 1954, 963F. 

622. Evahiatioii of Surface Active Ag^ots in Pi^ent Grinding. Anon. Painty Oik 
chem. Rev.y 1 Nov. 1940, 102, 70-6. The evaluation of some 50 agents is presented 
in tabular form. Some act as dispersing agents and others as settling agents. The 
effects of these agents on the mixing of various pigments are tabulated. Reference is 
made to the 1939 meeting at wfaidi the subject was first discussed. 14 refs, 1937-40. 

623. Solids. Bariell, F. £. (Assessor to Acheson Colloids Corpora¬ 
tion). BriL Pat.y 564418, 1941. The use of grinding aids, non-injurious, which can be 
suMimed after the process, particularly with graphite. With ammonium chloride and 
ammonium carbonate, graphite readies 2-10 microns. Graphite can be used as a 
conductive addition to rubber and plastics. The grinding of other materials, e.g. talc, 
mka, venniculite, and carbon black is assisted by these materials. 

624. Effects df liid»bitHm. Xofiueoce of liqiiids cm the Breaking Strer^th of Solids. 
(In Italian.) BENpicKS, C. Chim. et. Industry 1948, 30, 103; Rea. Metally 1948, 45, 
^18. The reduction in breaking strength on immersion was studied for: glass in water, 
ethanol and turp«itme; chrome steel in aqueous caustic soda; zinc in mercury. A 
thecHetkal explanation is proposed. Ihe effect is sometimes to increase the breaking 
stress. 


625. FMIer BalMIll^lS^adies on PiaeCbdte^ Bennett, D.G. and McCreight, 
L. p Ujdversity cf nimms. Report, No. 48, Oct. 1949, 12 pp. Experimental results- 

that the ^remgth value of formed pure oxide bodies was increased by milling 
the fused raw material in a non-aqueous medium such as alcohol. 

626. Ffae Dry Gmdi^ Breyer, F. G. U.S. Pat., 1985076, 1934. For dry grinding 
be^w200mesh, the enwgy required has been excessive for the reduction accomplished. 
It IS ^^gested that a film of moisture or gases causes flocculation. Additives such as 

steaip or hpdwood pitch are suggested, and with less than 1% additive, 
rcductKm to 5 microns is attamed for pumice. The claim for this treatment is applied 
to other materials ^ich as zinc blende. 


627. lie Ejects of Ciemical Ageofs in Ommraiitkm. Brown, J. H. Massachusetts 
J^sntute of Tedmology^ Progress Report N.Y.O.-lYll, MJ.TS.-28, 31 July, 1955 
50-4. Resi^ are as follows: (1) Considerably less grinding was accomplished when 
oonoente^^ g£ NaOH, Caa 2 , NaTSO. exceed 0-1 mohur, in the grinding of 
gyisum. (2) Usmg various mixtures of metfaocel, methanol and ^yceiin in water and 
yar^ strragtte of methanol in glycerin, viscosi^ appeared to play a part 

m^ grinding of gypsum, except with ^yceiin and water, \rfiere the bi ghi-ir viscosity 
sohtoms ^ve inferior leailts. (3) Marked lowering of performance (product size) 

^ycerin, baizeufi or methanol, as compared with water 
Mrosrri to lower surface teiskm gives improved results 
over ^ other agents tried. (4) Irxxease of water in solutions of glycerin methanol 
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and NaOH gives improved performance. The nature of the solute plays a significant 
part, however. This is yet to be investigated. Further experiments are reported in 
M.I.T.S.-29, 31 Oct. 1955, 56-9. 

628. Effect of the Medium on fee Efeci^icy of Gnndir^ in Ball Mills. Byalkovskii, 
V. I., and Kudinov, I. A. Keram, Sbornik, 1940 (10), 8-13; Khim. ReferaU Zhun, 
1941, 4 (5), 114; Ceramic Abstr.y 1943, 22, 121. The factors affecting grinding are 
described. Ihe effect of surface active substances and adsorption effects are discussed. 
Tables are given showing how the sclerometric hardness varies with air grinding, 
wet grinding and contact with surface active agents. A full abstract is given. 

629. Wetting Agents in fee Paint Industry. Carr, W. Off, Dig, Fed, Faint, Yarn, 
Prod. CL, 1951, 319, 510-6. It is shown how ease of grinding, lower absorption, lower 
viscosity for a given concentration of pigment, can be obtained by use of wetting agents. 
The relation of molecular structure to wetting capacity is discussed. 

630. The Ratio of Water to Solids in Cylinder Grinding. Creyke, W. E. C. and 
Webb, H. W. Trans. Brit. Ceramic Soc., 1941, 40, 55-72, Discussion, pp. 73-5. The 
variables influencing the efficiency of wet grinding in cylinder mills (ball and pebble 
mills) are: (1) speed and dimensions of cylinder, (2) size and dimensions of grinding 
media, (3) conditions of the charge. The salient features of all these variables are 
summarized before describing in detail the variable under consideration. Details of 
German and English grinding practice for a large number of materials are tabulated for 
the ratio of solids to water, experimental results are then tabulated, and finally the 
effect of viscosity and therefore of additives is discussed and the results of experimental 
work tabulated. The influence of the viscosity of the slip is stressed. A curve and 
tabulated data show a sharp diminution of efficiency, 1*35-1-25, by an increase in 
viscosity from 2 to 4 c.g.s. units; and how a predetermined amount of defloccuient, 
0*16% sodium silicate, lowers the viscosity and promotes grinding efficiency. 35 refs. 

EP] 

631. The Effect of Mixing and Grinding Aids in RelaticHi to Wettii^ and Disperricm. 
Daniell, F. K. Off. Dig. Fed. Paint. Yam. Prod. CL, 1952 (332), 633-8. See under 
Paint. 

632. Grinding Aids for Portland Cement. Dawley, E. R. Cement & Lime Manuf., 
1944,17,1^; Pit &. Quarry, July 1943,36,57. (See under Cenaent, Dawley, Goddard.) 

633. Improvements in or Relating to Grindh^ and Pulverizatkm. Derbyshire Stone, 
Ltd., Hobday, J. W. Brit. Pat. 615587,1946. An addition of up to 5% of wool grease 
to a wide range of minerals, e.g. limestone, gypsum, increases output and reduces 
power consumption, 0*5-1 *0% of wool grease is an appropriate quantity. 

634. Abrasion Reristance and Surface Free Boundary Energy of Solid Substances. 
Engelhardt, W. von. Naturwissenschaften, 15 Oct. 1946, 33, 195-203. The paper 
deals with the effects on grinding of fluids in contact. See under Abrasion Grinding. 

635. Pigm^ Diq>arion with Surface Active Agents. Fischer, E. K. and Jerome, 
C. W. Industr. Engng Chem. (Industr.), 1943, 35, 336-43. Some fourteen dispersing 
agents, chemical names and manufacturers given, were evaluated by their effects on 
degree of flocculation indicated by plastic viscosity and yield value, and on pigment 
strength development. The experiments were on a substantial scale, production roll 
mills being used. 29 refs. 

636. Grinding of Materials. Goddard, J. F., Super Cement, Ltd. Brit. Pat. 350538, 
1930, Material, e.g. cement clinker or gypsum, being groimd in the dry state has 
mixed with it a segregating agent which when rubbed against the partides being 
ground generates static electricity and causes repulsion of the particles. A diffusing 
material can be used to assist the dispersion of the segre^ting agent, e.g. plaster of 
paris or hydraulic cement. The segre^ting agent is described as a resinous material. 
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This can be mixed first with the dispersing agent. (Stearine, i^tash and colophony have 
bera proposed before this. Goddard considers them less satisfactory.) 

637. Effect Disperrfon <m Caneat Raw Materials. Kennedy, H. L. and Marduijer, 
F. J. Ri>ck Prod,, Aug. 1941,44,76-7, 83. The undesirable loss of fines, and the undue 
loss of heat for sintering coarse pai^cles can be mitigated by the use of a dispersing 
agent for attainiBOTt of a more uniform size of raw materials. An ounce or two of 
R.D. A. (not identified in the text) is sufficient for 600 lb of raw material. 

638. Addition of Efiiyl CdMose in Grindii^ of Pfements. Kautz, H. Farbe u. Lack, 
1939, 233^; Brit, chem. Abstr. B, 1939, 746. Has marked wetting, dispersive and 
adsorptive properties and increases their hiding powers. With dry or damp pigment 
at 135® any water evaporates rapidly. With Prussian blue and carbon blacks, the use 
of a plasticizer fadlitates dispersion in a varnish or solvent. 

639. The Process of VfiKatkMi MflEng. Kiesskalt, S. Z. Ver. dtsch. Ing„ 1949, 
91 (13), 313-5. Investigations on milling machines, particularly on ball mills as 
used in tib^ chemical industry, led to the development of the modem vibratory mill. 
A physiaxffiemical or mech^cal chemical effect has been observed as a result of 
the operation wherein the rupture of molecular lattice structoe can take place. It is sug¬ 
gested that the effect may be due to ultrasonic influence. Gaps in the knowledge of the 
vibratory mill have been closed during the last ten years by more thorou^ investiga¬ 
tion and additions to the literature of the subject. A twelve-fold increase in surface 
area is obtained by grinding in polar fluids, e.g. isoamyl-alcohol, over that in water. 
Rontgen spectra of certain oiganic polymers disappear after an hour’s grinding in a 
vibratory mill- For other materials, micron size is attainable. Applications to plastic 
fillers, powder metallurgy, etc., are cited. 29 refs. 

640. Acceieratmg the Wet Grindh^ of Refi:actory Materials. Kukolev, G. V., 
Melnishenko, L. G. Fireproof Mat., Moscow iOgneupory), 1948,13,447-54. A study 
of the effects of various solutes upon the grinding of magnesite, dolomites, sands, etc., 
in ejqperimentai ball mills. The water content was 33%. Electrolytes had a selective 
^ect, caustic soda accelerated magnesite but retarded dolomite. Soap accelerated 
dolomite but had no effect on magnesite. A number of curves showing the effect at 
different solute concentrations are giveru These are explained on the basis of adsorp¬ 
tion processes. Saturating the mill contents with carbon dioxide had a generally 
accelerating effect. 

641. Siffface Energy of Solids. Kuznetsov, V. D. Gosudarstvennoe Isdatelstvo 
T^dmiko-Teoeticheskoi Literatmy, Moscow, 1954, 213 pp. Chap. 6, Section 7. 
The efifect of liquids and surface active agents on the failure of brittle solids, pp. 207-13. 
E n^ish translation from the Russian, 1957, H.M. Stationery Office, 8.S*, 6d, net. 

642. Gm&g Dry Process Enanid. Effect of Small Quantities of Water. Manson, 
M. E. J, Amer, ceramic Soc., 1938,21, 316-9. See under Enamel. 

643. Sarface Actirity. Moiujct, J. L. and Colley, B. 1951, E. & F. Spon, London. 
366(^pon’s Industrial Chemistry Series.) The physical chemistry, technical applica¬ 
tions ami chemical constitution of surface active agents. 

644. Saperffne Grindl^ of Cdke a^ Offier Mateials. Mott, R. A. J. Soc. Chem, 

Bid. Jjmd., 1950, 6^, 346-9. Wet grinding, by avoiding caking, enables grinding to 
ccmtimie to a further sta^, The effect of size and type of ball are discussed, and the 
benefits drained by adding different alkalis and other materials during wet grinding 
aie described and conq)aied. DP] s ^ s 

645. Ree Bouadary Smfoce Energy and Re^stsmce to Grinding. Rammsauer, R. 
KoUindz^w., 1951,121, 71-4* The surface ^fect of various solutions is considered. 

imdlsr Abraaoo Gimding. 

646. AMs to C^&er Grm^ hg Use Ag^t Rockwood, N. C. Rock 
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PrcjJ., May, 1939, 42, 38. Discusses the beneficial effects of grinding aids, e.g. coal; 
which charges the balls and particles with electricity which keeps the particles apart. 
Discusses the effects and manner of application of T.V.A. (not identified in the text). 

647. CoIloMal Carbon as a Grindii^ Aid in P<Hrtlaiid Cement Mairnfacture. 
Schweitzer, C. W. and Craig, A. E. Industr. Engng Chem. {Indwstr.), 1940, 32, 
751-6. Experimental evidence supporting this effect: 0-32% on clinker increases the 
fineness of the cement by 30%, or decreases grinding time by 28%. Increased benefits 
with increased carbon dosage. Improved strength is shown. Up to 1% of carbon does 
not appreciably alter the properties of the cement except as to colour. Data are tabu¬ 
lated for effects on fineness and on strength properties of cement. 2 refs: (1) ASTM. 
Standards on Cement, 1928; (2) Columbian Carbon Co., Colimib. colloid. Carb., 1938, 
141-5. See also under Cement, Wilsnack, G. C. 

648. Ball Milling and Mill Actions. Spencer-Sirong, G. H. Ceramic Ind., 1946, 
47 (2), 60. Efficiency in the milling of porcelain enamels depends on several factors, 
including the design of the mill, the speed of rotation, the grinding media, the mill 
charge, and the set of the enamel. These factors are discussed in some detiu^ in this 
paper. The use of proper mill additions is of considerable importance in the milling 
operation, these additions, usually classified as suspending agents, refractories, electro¬ 
lytes and opacifying or colouring agents, affecting not only the milling properti^ of 
the enamel but ^o its behaviour during application, drying and firing. 

649. The Effect of Surface Active Agents in Fine Grinding. Szantho, E. von, Z. 
Erzbergb. u. Metallhuttenw.y 1949,2,353-60. Experimental results of grinding quartzite 
and limestone with steel b^ axe presented in tabular and graphic form to show the 
effects of addition of reagents (flotigan and sodium oleate) to the wet pulp. Small 
additions, whose optima vary with the additive, result in increases in surface area of 
the ground product up to 100% above the increase without additive. Further additions 
result in a diminution of this increase, which is shown to be roughly parallel to the 
decrease in friction coefficfent. This is much more marked in the case of sodium oleate 
addition, which, if large enough, almost completely inhibits the formation of new 
surface. Optima are in the neighbourhood of 300 g/ton for flotigan and 600 g/ton for 
sodium oleate. The effects of the additives are for small particles only ranging from 
0*3 to 0-005 mm, being most marked for the smaller sizes. The additive is found to 
prevent overgrinding. Application is suggested for drilling operations. 9 refs., 1925-41. 

650. Process fiu* Mamiffctiire of Dlspersoi^. Traun, H. O., Forschungs Lab. 
G.m.b.H., Hamburg. Ekg. Pat., 155836, 1919/22. Four types of Plauson mill are 
described. The method of addition of grinding aids is included in the specification. 

651. Grinding of Olnk^. Wilsnack, G. C, Edison Cement Corpn and Biimey & 
Smith Corpn. U.S. Pat., 2186792, 1937/40. 0-08-0-33% of coUoidal carbon black 
effects reduction of power and time for grinding (and also the subseqi^nt proportion 
of water when used). 

HUMIDITY AND TEMPERATURE EFFECTS! EMBRITTLEMENT 

652. Grinding wMi liqoM Nitron. Anon. Chem. Engng, 1951, 58 (6), 106-7. 
Impact pulverization of cold embrittled solids is announced by the Linde Air Products 
Co, Examples of the various materials which can be groimd with advantage at tempera¬ 
tures as low as — 320°F, and two photographs and two diagrams of the installkion 
are given. See also Food Engng, 1951,23, 36-7, and Pubb. Age, N. Y., 1950, 68,318. 

653. Low T^peratnre Grinding. Edg. dc Allen News, Jan. 1951. Description of 
low temperature grinding, which results in more regular-shaped particle. 

654. Low Tanpearatore Ckindug.— A New Process. Anon. Int. chem. Engng, 1951, 
32 (1), 13; Chem. Pjigng, 1951,58 (6), 106-7. Cooling with liquid nitrogen as devdc^ied 
by Linde Air Products, Ltd., New York, is described. The advantages are reduction 
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of fire risk, safer for heat-sensitive and oxidizable materials or those with volatile 
constituents. Materials can be cooled to an optimum fragility. 

655. Nora-Magnetic Tacoraite Treatment Anon. Min, Congr, Wash., 1955, 41 (5), 
40. Quenched ore for fine grinding. See under Iron Ore. 

656. liiOraenee of AtmOi^[>heric Humidity on the Grinding and Screening of Solids. 
(In German.) AlbU'^son, Ake. Ark. Kemi, 1953,6 (4), 293-304. Dry grinding of felspar 
in full scale in an air-operated open-circuit ball mill gives about double the output and 
about double the quantity of fines when the moisture content of the material is 0-05% 
in^ead of 1%. Laboratory scale screening tests with ball mill dry-ground quartz, 
fdspar and Iraolin show a maximum screening output when the materials are in equi¬ 
librium with a r.h. of 40-60%. The output decreases rapidly for r.h. above 75% owing 
to capillary condensation. The observed decrease for very dry material is due to electro¬ 
static charges. This decrease could be eliminated by ionization of the air (by Thorium 
B). Tests for determining the best particle size of felspar for rapid melting with sand, 
soda and lime are described. 8 figs., 6 refs. 

657. Freeze Grmdiig: A New Tedmique Using liquid Nitrogen. Bracken, A. and 
Brittaine, L. J. Mfg. Chem., 1956, 27 (12), 497-9. The advantages of liquid nitrogen 
are pointed out, i.e. non-reactive, non-acid and very low boiling point, and the harden¬ 
ing effect on some materials as well as the weakening effect on others, e.g. iron, is 
indicated. The technique of use and the plant for freeze grinding are described. The 
graimiation of polythene as against tearing at ordinary temperatures is illustrated. 
The freeze grinding of polytl^ne and nylon is described and the scope of the process 
pointed out, 13 refs. 

658. The GdodahOhy of CoaL Brown, R. L. Mon, Bull, Brit, Coal Util. Res. Ass., 
1946,10 (1), 10 pp. Includes a reference, page 10, to the sensitivity of coal to tempera¬ 
ture and atuKxspheric conditions when being deformed. 

659. Hie Bifiiiaace of Temperature m Grinding Efl^iency. Djingheusian, L. E. See 
Nos. 55-7. 

660- How SoM Caihoa Dioxide Assists in Grmdiii^ Low Melting Waxy or Plastic 
SoHis. Dc^ris, T. B. Chem, metall, Engng, 1944,51,114. Short description of the use 
of ‘dry ice’ for crushing. 

661. Gfhidlig at Sair-nonnal and at Ekvated Temperatures. Draper, C. R. Paint 
Mamf., 1944,14 (2), 37-40. Cold for soap, resins, etc., warm for wetting of pigments 
with oils. Review in Faint, Col. Oil Manuf., 1944,17,254. 

662. Hie Liibence Tanpeature the Dry Grindli^ Process. Eller, M. Rev. 
Mater, Constr., 192B, 445; Translation in Concrete, 1929, 34 (4), 114; Build. Sci, 
Abstr,, 1929, 2, 194. Tests on grinding clinker in a compound mill with insufficient 
ventilation. The degree of fineness was found to be inversely proportional to the 
temperature. With restored ventilation and normal output, the disdharge temperature 
of the cement was 90-95®C. 

663. Low Ta^^imture GriudH^ Kanowitz. Chem. metall. Engng, May 1938, 45. 
236-7. Frequent cooling increases capacity and efficiency. Some figures are given 
Reviewed in Pma Col. OH Mamf,, 1938,11,318. 

664. Enorgy/New Srarfiice Rdaticmsfaqi in the Cni^^bdu;^ of Solids. VI. Effect of 

XaB^peratee. Schulz, N. F. University of Minnesota Publication, No. 3421, 1951; 
Dissertation Abstracts, 1952, 824. Experimental results showed that temperatures 
between 25° and 4(X)°C had very little effect on tl:^ crushing of quartz, taconite 
magnetite. Djin^ieusian, No. 147. ' ^comre, 

hraproveme^ hi or R^t^ to the Mami&ctare iff Mastic Cores from 
M^petic Dust. Standard Telephones and Cables, Weston, W. K., Buckley, S. E. 
and JoHKsra^, T. Bnt. Pat., 587138, 1947. Brittle boundary phases are intentionally 
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introduced into tough nickel iron alloys to facilitate their disintegration into powder 
for the construction of dust cores for magnetic coils. Embrittlement by pouring into 
water is not satisfactory and is dangerous. The patent includes scattering the stream of 
molten magnetic material while pouring into water, by means of a water jet. 

666. The Influence of Temperature on the Grinding of Enamel. Vielhaber, L. Glas- 
Email-Keramo-Technik, 1951, 2 (39), 2087. See under Enamel. 

667. Grinding Pwtland Cement. Witte, G. A., International Precipitation Co. 
U.S. Pat., 1803821, 1927/31. By grinding in an air of lower r.h. than that of the atmo¬ 
sphere attained by heating the air and/or the cement, the grinding time for a certain 
fineness is much reduced (and setting times are maintained). 

lubrication of machinery 

668. Rock Cruriiing and Screening Lute-ication Features. Lubrication, N.Y., Oct. 
1949; Reprinted hi Pit & Quarry, Aug. and Sept. 1950, 43. Part I. Jaw crusher lubri¬ 
cation. Part 2. Lubrication of gyratory, vertical ring and hammer crushers. Part 3. 
Lubrication of screen equipment. All well illustrated. 

669. Forced Lubrication of Gyratwy Cru^^rs. Anon. Mine & Quarry Engng, 1941, 
6, 310. 

670. Some Notes on Industrial LulHication with Particular Refoence to the Quarryii^ 
Industry. Cobbett, R. F. Cement, Lime & Grav., 1951, 25 (9), 337-47, 351. Good and 
proper lubricant is cheaper than breakdowns and wear. 

671. Grinding Mill with Micarta Bearings. Horne, F. Engng & Min.J., 1937,(10), 
43. The bearings are laminated, with water lubrication. The power consumption by 
friction is less than for smaller metal bearings. About 50 gallons of water per minute 
are used, but oil is injected at shut down to lower starting torque and prevent rust. 
Such bearings are used in steel mills at 8000 Ib/sq. in. A graphical comparison between 
the micarta and brass bearings is given, A rod mill with micarta bearings is illustrated. 

672. Comminuti(Mi Plant. Lebeter, F. Mine & Quarry Engng, 1950, 16, 273, 327, 
355, 391; 1951, 17, 1471. A series of articles in which particular attention is paid to 
lubrication. The speed of crushers is discussed with regard to lubrication, from hammer 
milk at over 800 rev/min to impact crushers at 20 rev/min. 

673. Parallel Jaw Ctu^ict with Lutoricating Means within Jaws. Menhardt, 
M.E. U.S. Pat,, 2505132, 1950. An improvement in the technique of lubrication is 
described. 

mill vibration 

674. Effects of Ball Mill Vteatimu Anon. Ceramic Age, April 1953,62-3. The effects 
of normal vibration on the building structures and on other equipment, e.g. fuma^s, 
is discussed. Methods of testing are suggested and the importance of the investigation 
of vibration effects is stressed. 

675. Effects of Ball Mill VilwatioiL Chem, Age, Lond,, 14 Mar. 1953, 68 (1757), 
417-9. Description of Dawe type 402 Vibration meter. Description of its use on the 
site in the neighbourhood of the Murex ball mills. 

676. Some Aspects of Machine Fomiriatioiis. R. Hammons. Pwr & Wkrs Engng, 
1950,45,96. The transmission of vibration from one machine to another, or to adjoin¬ 
ing structures, may be prevented by measures which are discussed. 


NOISE CONTROL 

677. Ihactical Aspects of Noise Ccmtrol in Crabbed Stcme Planfe. Hoftuzer, A. B. 
Pit dc 'Quarry, 1955, 47 (11), 76-8, 82. The author gives a brief description of noise 
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mmg by dedbels and the use of a sound level meter for rating it. Simple suggestions 
aic given for lowering the noise on conveyoK, vibrating screens and crushers. 

AUTOMATIC CONTROL 

678. CosMBed Feeder Increases Cnehii^ 30%. Anon. Brie/: Clay Rec., Nov, 
1952, 121 (5), 43. A 20-30% increased output of clay is achieved by means of a new 
automatic control of the feeding mechanism which is thereby made to work in step 
with the crusher through a Mosher control box. 

679. Metal Detection. RanoTal of Ncm-Magnetic Materials. Anon. Chem. Age, 
Itmd., 15 Jan. 1955, 231. A midland firm manufactures an equipment (H.D,9). It is a 
heavy-duty equipment consisting of a search coil unit and a control cabinet (illustrated). 
Weights 500 lb for a 36-in. conveyor. One coil lies under the conveyor and the coil at 
right angles encircles it. The cabinet sets up a high-frequency electromagnetic field 
in the coil unit which is adjusted to give a zero signal for no metal. When metal passes, 
the di^urbance can be mag nified to operate suitably any desired control device. 

680. Acoastk Mill Feed CmitroDer. Anon. Elect. Rev., Land., 11 May, 1951, 148, 
973. Ihe content of the mill is determined from the noise level of the cascading coal 
and bails, the most significant noise frequency being about 4 kc/s. A microphone placed 
beneath the drum is connected to a main controller which, via amplifiers and relays, 
regulates the speed of the feed water around a set figure. 

681. Robot Ear Ccmtrols Tube Mill Feed. Bigineer, Land., 1951, 191, 427-8; Int. 
ckem. Eitgr^, 1951,33 (4), 158. An acoustic device suitable for the control of the feed 
in the continuous milling of chemicals and minerals is described. The noise level of the 
cascading grist and balls in contact with each other and with the liner of the mill 
ddermines the rate of feed of raw material to the mill. This prevents loss of efficiency 
by overloading, and excessive wear by running light 

682. Feed Cmitrcd m Grindh^ Mills. Facts f. Ind., 1956, 9 (3), Item 126. Cereal 
grinding mills equipped with the Heenatron control will adjust themselves to grists of 
vaiying hardness, requiring no manual resetting when the charge is changed from, say, 
maize to a hard grain like oats. The Heenatron is an electronically controlled d.c. 
motor whidi adjusts the rate of feed so as to keep the mill motor working at full load. 

683. GriUar Load Octroi Unit Anon. Industrial Chemist, Jan. 1956, 32 (372), 44. 
The Mageo control unit made by a magnetic equipment company, is controlled by a 
current transformer mounted in one lead of the motor and consequently it responds 
accurately to variations of power taken by the main motor. A Mageo vibratory feeder 
is recommended for use to facilitate control. 

684. A Soirad Seasitife Grindii^ Mill Feed Cimtixd. Mining Equipment, 1956, 7 (7), 
29. The sound received by a microphone is changed to electric energy wldch is trans¬ 
mitted to a control unit operating a power relay which in turn operates the motor 
diivii^ the mill feeder. The apparatus is very sensitive and is applicable to wet and dry 
grinding. 

^5. Sur&ce ProdEictioii and Energy Requrrenients in the Cn^dimg and Grinding of 
Stdids. An^lm, W. Zement-Kalk^ips., 1953, 42 (1), 6. The overloading of impact 
cn^hers avoided by an electric control device. Idle time was reduced and output 
riierrfore mcreased. 

686. R<dl Min Contred. Atkinson Milling Co., Minneapolis. Chem. Processing, 
Jan. 19^, pp. 56-7. Tl^ discovery that sli^t adjustments of roll pressure cause 
change in the temperature of the issuing flour led the firm to develop a system for 
control!^ tiK mill on the basis of thermometer readings. Besides controlling fineness, 
iinifcnmity and facilhatmg inspection, power cx^ts are reduced. A temperature differ- 
^ice of 3*5®F could increase the power consumption by 15%: with the constant 
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control provided, power consumption decreased by 10%. It is suggested that similar 
control could be applied to other grinding processes. 

687. IxniNroyeiiieiits in Controllers Maintaming PropcHtfonality or Sidbstanti^l 
Proportimiality between the Variati<His of a Pair of Yarial^. Babcock and Wilcox, 
Ltd. Brit. Pat., 717363, 1952. An electronic arrangement is shown for maintaining a 
constant relation or a desired relation between, say, the quantity of coal leaving a 
pulverizer and the quantity of gas passing through. The pressure differential is the 
measure of the quantities. 

688. Simple M£^;net Alarm Protects Coal Pulvaizers. Beals, R. A. Industr. & Fwr, 
1954, 67, 77. A magnetic collector on the coal chute separates tramp iron. A warning 
light indicates that the collector for the iron needs emptying. 

689. ReMy System Cuts Polvmzing Costs. Gloss, E. A. Elect. World, N. Y. 25 Sept. 
1950,134, 102-4. Equipment layout was revised, additional handling equipment and 
a system of electrical interlocking relays were installed. Output increased from 188 to 
1000 Ib/man-hour. Diagram of interlocking system. 

690. Automatic Cmttrol of Grindii^ MOls. Hardinge Company Inc. Trans. Amer. 
Inst. min. (jnetalQ Engrs, 1939, 134; Engng Min. Mar. 1939, 84. The Hardinge 
Company, York, Pa., has developed apparatus for the automatic control of grinding 
mills depending on the use of an ‘electric ear’ in the form of a microphone mounted 
close to the mill and connected to a power relay which reduces the rate of mill feed when 
the mill noise falls below a predetermined level, and increases the feed when the 
desired noise-level is exceeded. The apparatus is claimed to be sensitive but rugged, and 
applicable to dry ATid wet grinding mills in open and closed circuit with standard 
classifiers. Mills can be protected ihom overloading, prescribed fineness can be main¬ 
tained, and optimum performance guaranteed within limits hitherto unattainable. 

691. New Electrical Deyices in the Chanical Industry. The Etectric Ear and the 
Etectric Eye. Howat, D. D. Chem. Age, Land., 1941,44,303. Ma ximum sound will be 
produced inside a grinding mill when the balls or rods are striking freely against one 
another or against the liners, no cushion of any kind being interposed, and the entire 
energy being dissipated in the form of heat. If a complete cushion of finely-ground 
material exists around the balls, the sound will be at a minimum, no useful grinding 
being accomplished as the mill is overloaded. Between these two extremes there^will be 
a stage at which just suffident solid material occurs between the balls to ensure that 
large particles are fiuctured and broken but not overground. The sound produced 
under these conditions should indicate the optimum grinding efficiency. The increase in 
output obtained with this device is shown graphically. 

692. An Aj^varatus for Cimtrolliig aid Recording the Circnlatii^ Load of a Mill. 
KairsKn, E. L. Min. J. Spb. (Gomyi Zhumal), 1955, 54; Atomic Energy Research 
Establis^ent Library Translation, 670, 1956, by R. D. Lowde. The apparatus com¬ 
prises two units: (1) the measuring converter which is for the quantity of naaterial 
loaded, as represented by the mean cuirent and not the instantaneous current, into air 
pressure values (this is done by the Mekhanobr instrument); (2) a low-pressure ring 
meter used as the recording instrument. Diagrams. 

693. mectronic Control of Lea, P. Facts/. Ind., 1955, 8 (10), Item 516. 

The rate of feed is varied automatically so as to maintain a constant maximum load 
on the motor. Increase of 50% in mill efficiency is claimed, and overloading of motor 
prevented. An electronically controlled vibratory feeder is also recommended. Cost of 
controller is £50. A complete set of equipment, with vibratory feeder and a permanent 
magnet separator for tramp metal, costs about £180. 

694. AntCHnatic Cwtrol of Pidyerizers. McShane, P. E^gng Min. J., 1948, 149 (9), 
86-7. As the load on the pulverizer motor changes with variations in hardness, size, 
and quantity of feed, it can be used to alter the feed rate. Thus the load is kept constant 
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and maximum output results. Transformers in series with the motor regulate the feed 
rate by relays. Motors on th& feeding device must have variable speeds. 3 figs. 

695. liidi£Stiial CoHhrol of Size Grs^og. Sharratt, E. Trans, Brit. Ceram. Soc., 
1949, 47 (1), 22-37. 

696. Aiit<»natic Contrd of tlie Grindii^ Circuit at the Marmora Concentrator. 
Steffenson, P. L. and Aubrey, W. M. Min. Engng^ N.Y., 1957, 9 (1), 61-4. The ore 
contains 35-40% of magnetite. The mesh of grind is not determined as a satisfactory 
mesh of grind but by the physical requirements of the down-stream pelletizing opera¬ 
tion. One large cyclone per unit is used, not multiple small ones. (In closed circuit.) 
A top size and an optimum amount of — 325 mesh were arranged. The cyclone limited 
the top size. The amount of circulating load determines the proportion of — 325 mesh 
in the c>’c!oiie overflow. The control originates in a weighing control instrument and 
in a vacuum instrument in the air iii»- 

697. Min Feeding with Weight Control. Taubmann, H. Zement-Kalk~Gips., 1953, 
6 (12), 445-9. A new direct act^, speed controlled, proportioning scale gives a 
constant weight flow. Variations in cli^er hardness can be balanced automatically 
by this means. Diagrams; graphic presentation of operating data. 3 refs. 

698. Contrcd System for an Impact HajDamer Mill. Tullis, D. R. Brit. Pat.^ 721675, 
1951/55. An electronic device for governing the feeding mechanism and the defibring 
mechanism of a hammer mill is described. 

ELECTRO-HYDRAUUIC EFFECT 

699. Underwater li^tning Strikes Hard. Yutkin, L. Soviet Weekly, 18 July 1957. 
At a meeting at the Mining Institute, Moscow, the author described the application of 
underwater electric sparking and the resultant ‘super hi^-pressure wave’ to the 
cracking of boulders, drilling holes in carborundum and the high-speed crushing of 
rock. An electro-hydraulic hammer possesses an impact force of a third of a ton. Selec¬ 
tive crushing is claimed. 

MAGNETIC EFFECTS 

7C>0. Hie Use of Coerdvity in Grinding Tests. Devaney, F. D, and Coghill, W. H: 
Tram. Amer. Imt. min. {meialQ Engrs, 1939, 134, 283-95; Tech. Publ. Amer. Inst. 
Min. Engrs, No. 862; Min. Tech,, 1938, 2. V. H. Gottschalk, in Rep. Invest. U.S. Bur. 
Min,, No. 32^, 1935, 83-90, established a linear relationship between magnetization, 
coercive force and the specific surface of comminuted particles. The value of this 
relationship in determining grinding efficiency has been shown by R. S. Dean, Trans. 
Amer. Inst, min. {metall,) Engrs, 1939, 134, 324. Since the ordinary requirements for 
sub-sieve size and surface determinations involve long and tedious methods, the results 
of whidi are often questionable, by using magnetite as the material to be ground, a 
single determination of coercive force by the coercimeter, requiring 10 minutes or 
1^, can be transposed directly and accurately into units of relative surface. A curve is 
given (Dean, ibid,) showing a linear relation between work input and coercive force, 
using a drc^-weight device; the Rittinger hypothesis is thus confirmed. Also the ratio, 
wet ball mill performance to drop weight performance, was found to be between 43 
and 65%. 7 refs. 

701. M^netite as a Standard Means fw Measurii^ Grinding Efficiency. Dean, R. S. 
Trans. Amer. Inst, min, {metall) Bigrs, 1939,134, 324-6; Tech, Publ Amer, Inst, Min, 
Engrs, No. 660, 3 pp. The author assumes ^e validity of the Rittinger law, refers to 
tl^ curnbersome methods for determining the new surface formed, although he assumes 
the vdidity of the hydrofiuoric acid solution method, and proceeds to show that the 
cn^ng of magnetite furnishes a method for determining grinding efficiency quickly 
and accurately. only requirement is a single determination of the relation between 
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the work input of the Gross-Zimmerley drop-weight machine and the coercive force 
of the resultant crushed magnetite. This relation is illustrated by a straight line-curve of 
linear scale. The coercive force is measured by the Davis method. It is described briefly. 

702. An Apparatus for Detennining the Magnetic Constants of Mmerai Powders, 
Gottschalk, V. H. and Davis, C. W. Rep. Invest. U.S. Bur. Min., No. 3268, 1935, 
51-65. An extended investigation has been made into coercive force and the magnetic 
constants of powders. Results of experiments show that the coercive force of magnetite 
is in direct proportion to the specific surface of the grains. 


APPLICATION OF ULTRASONICS 

703. Disintegration and Dispersion by Ultrasonics. Sci. Libr. bibUogr. Ser., 1950, 
No. 699, 19 refs. 

704. Grinding by UItras<Hiics. Chem. Tr. /., 19 June 1953, 132 (3446), 1480; Engng 
Min. J., 1953, March, 109; June, 112. Reference is made to the Chayen process for 
maceration of bones in U.K., and the latest application of ultrasonics in U.S.A. is 
then described. J. Bassick has developed a pulverizer now in use in a plant at Reno, 
Nevada, in which four rotor blades spin at very high speed, up to 5000 rev/min. 
These never touch the rock, which is kept clear by a swiftly moving air cushion. The 
powder is fed at less than 2 in. diameter and the product is channelled into three 
hoppers: coarse, 200 mesh and 400 mesh. Output is up to 600 Ib/h. Power consumption 
is normal, but wear of parts is much reduced. The materials milled were tactite and 
andalusite. Since milling tactite costs 1 dollar per ton in worn steel alone, the super¬ 
sonic machine is regarded as more economic to use. A 60-h.p. V-8 engine was used to 
drive the rotor. 

705. Ultrasonics in Industiy. 1. Methods of Generation. Arnold, M. H. M. Chem. 
& Process Engng, 1953, 34 (11), 360-2. Ultrasonics suffers from over-popularization. 
Makers do not know what is required to be done and users do not know what apparatus 
is available. Hence the need for an appreciation of the subject. Seven n^thods of genera¬ 
tion are described, and their limits, frequency and power characteristics are tabulated. 

706. A Select Bibliograidiy of PuHidied References to the AKdication of Ultrasmcs. 
Campbell, N. Obtainable from Lending Library Unit, D.S.I.R. About 300 classified 
references, to 1949. 

707. Ultrasonic Pulverize. Claus, B. Z. tech. Phys., 1935, 16 (7), 202-5. Describes 
the construction of a pulverizer which makes use of the property of piezo-quartz plates 
to produce oscillations, two parallel quartz plates being used and tuned to the same 
wavelength. The apparatus is dealt with under the oscillator, the transferer, &e 
producer and the method of assembly. Finally, methods of use are considered, dealing 
with the two possibilities of direct and indirect pulverizing. 

708. The Posribility of Cnr^iii^ Susp«ided Substances by Ultrasonks. Gartner, W. 
Akust. Z. Bdh., No. 1, 1953, 124-8. Experiments prove t^t the best crushing effect 
is obtained with frequencies of 500 kc/s applied to suspensions of 0*002 g/c.c. Graphs, 
illustrations, 12 refs. 

709. Ultrascmic Method for Testing the Homogeneity of Solids. Giacomini, A. 
and Berttni, A. Ric. sci., 1939, 10, 921; Sci. Abstr. A, 1940, 507. (1) Wave intensity. 
(2) Standing wave pattern. 

710. Some Api^cations of Ultrasonics to Indnstry. Kanegis, J. O.T.S., US. Dept. 

Commerce, Washington, IR11585, 1953, p. 9. Obtainable from Lending library 
Unit, D.S.I.R, While no technical application is known on the use of ultrasonics for 
pulverizing solid materials, it has been clauned to produce smaller grain size in metals 
during freezing. * 
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711. Abeoiptioii of Ultrasonk Waves in Water aiidAqaeons Siiq?eiisi<ms. Kj^ 

G. K, and Focke, A. B. Phys. Rev,, 1940, 57, 221; ScL Abstn A, 1940,1238. 

712. Ube Diqiersioii dT Clay Siispm^OQS by UItras<Miic Waves: An lnten)>retati<Hi of 
Re^^ C^Kservei vritb the Electron Mkroso^. Mathieu-Sicaud, A. and Levavasseur, 
G. C.R. Acad. Set., Paris, 1949,228, 393. Suspensions of kaolinite and of montmoril- 
lonite, containing 0-5 g solid to 100 ml distilled water, were prepared, both as test 
suspoasions and suspensions stabilized with NH4OH. Each sample was treated with 
stationary waves of mayirmim strength, for successive 3-min periods, the temperature 
being kept constant and below 30°C, Measurements with a nephelometer showed 
that the degree of dispersion of the suspensions varies with the frequency and passes 
throufiji a maximum at 960 kc/s for kaolinite and 320 kc/s for montmoriilonite, 
whatever the suspension used initially. Ihe electron microscope study demonstrated 
the siqieriority of ultrasonic waves over the usual chemical agents for obtaining sols 
of kaolinite comprising fine, monodispersed particles. The observations also indicated 
that ultrasonic frequency corresponds to a different particular dimension which 
ranges from 1 to 1000 A. For the larger particles of montmoriilonite, the dispersive 
frequency is lower and the action of the ultrasonic waves less definite. 4 figs. 

713. Att®^ to fteakiq>Clay^ Rocks by IJltrasonics.MiLLOT,G. and Noisette, G. 
C.R. Acad. 5a., Paris, 1948,227 (19), 974; Amer. Ceramic Abstr,, 1949,32,93. 

714. Di^per^OQ id Sois by an UKrascaiic M^hod. Olmsiead, L. B. /. agric. Res., 
1931,42,841-52. The mechanical dispersion of soil in water is produced by means of 
srgpersonic waves. The degree of dispersion is of the sanae order as that obtained in 
the rubbing method, but is more quiddy reached. By neither method is the extraction 
of colloidal matter complete, small and decreasing amounts being obtained by succes- 
sive treatments. 

715. EH^posioa by Means of the UltrasoiHHrator. Pittsburg Paint and 
Varnish PR(X)UcnoN Club. Amer. Paint Comention Daily, 1949, 34 (6e), 20-4; 
Off. D^. F&L Paint Vam.Prod. Cl, 1949 (298), 781-91. The factors affecting dispersion 
are discos^. Ease of division for various pigments. Bi^rsion better with low 
viscosity of the medium and low pigment to medium ratio. (For criticism see under 
A. N. Thomson.) 

716. Grinin^ d M^icnHDHdecaks. Ex|danati<m of tbe Depolymerizing Effect d 
Uifrasonic Waves. Schmid, G. Phys. Z., 1940, 41, 326-37. A theory of the depoly- 
meozation produced by ultrasonic waves is suggested. The breakdown is due to 
frictional fences whkh come into play in the interior of the solution. In the conen.. 
range found in a gel, the liquid, in consequence of the variation in elastic properties 
and of the macro-mol, is not uniform, so that neighbouring particles in the solution 
do not execute equalfer strong vibrations. The free solvent vibrates through the meshes 
of a network of macro-mol, whilst the network itself cannot follow the ultrasonic 
vibrations or account of its inertia. This causes the development of frictional forces.. 
It h shown that these forces would be sufficiently strong to break chenoical linkings. 
It is also shown that in suitable solutions of high polymers, a dispersion of ultrasonic 
waves would be experted; siKh a phenomenon would provide a new method for 
investigation of the solutions. 

717. BMrasoitic Dispersion and S^peed d FractiBc. Smekal, A. Phys. Z., 1940, 41,. 
475; Sci. Abstr. A, 1941, 44, 29L 

718. MiMral Flot^lon wMh Bhrs^mdcaly EnmMfied CoUecting Reagoits. Sun,. 

S. C, T^, L. y. and Ae^man, E. AJMM£. Minerals Benef. Div. Annual Meeting, 
N.Y. City, 1954. Any o^iector can be onulsified with aid of ultrasonic vibrations and 
maiidfiers. 18 12 

719. an Invasion iBsfotibe Alt 
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Off, Dig, Fed, Paint Vam, Prod, CL^ 1950, (308), 659-62, The conclusions of the 
Pittsburg Paint and Varnish Production Club are criticized. The immediate problem 
is to build a satisfactory continuous flow celL 

720. tJltrascHiic Preparatioii of Rode Samirites. Wetzel, W. ErdoL u, Kohle.y 1950, 
3, 212-4. The possibilities of riiis method are discussed, largely with reference to the 
preparation of paleontological and lithographic specimens, without grinding. 



CriKshing and Grinding Equipment 


GENERAL PAPERS 

72!. Steel Castings for Machinery. British Steel Founders Association 

Brochure, 1952. Short account of mineral crushers. 

722. Economical Cm^Jng and Grinding. Anon. Chem. Age, Land,, 1922, 6, 228. 
A brkf outline is given of various grinding and crushing machines, including jaw 
crushers, toothed revolving cru^rs, the Christy disintegrator, ball and tube mills, 
edge runners and magnetic separators. 

723. Crv^biBg and Grindii^ Machinery. Anon. Chem. Engng, 1922, 12, 261-4. 
Hadfkld crushing and grinding machines. Primary crushers are illustrated: 1923, 13, 
258-60. Vickers hammer mill and a gyratoiy crusher are described and illustrated. 

724. Portable Cnt^ihig Plant Anon. Chem. Engng Min, Rev,, 1950, 43, 3-4. Crush¬ 
ing plant nmunted on a 20 x 8-ft 8-ton semi-trailer drawn by a Commer 7-ton prime 
mover consists of a roll crusher, Marcy bail-mill, rotary spiral wire screen, amalgama¬ 
ting barrel for concentrating, amalgamating table with launders, Wilfley concentrating 
table, 400-gal water tank widi centrifugal pump, 30-h.p. diesel engine, and a conveyor 
system. 

725. A Stedi fw Weaih^ Parts of Grinding Madiinery and Similar Applications. 
Edg, Allen News, 1953, 32 (368), 25-8. Chromax chromium alloy steel components for 
rod mills, crusher discs, liners, mill and tube mill parts are illustrated and described. 

726. Britishi Mia^ Mariiuiery* Edg, Allen News, 1953, 32 (378), 265-8. Various 
pulverizers are described and illustrated—^roll cruder, swing-claw crusher, multi¬ 
hammer mill. 

727. Pdhrerizmg Materials. Test Plant for Grindii^, Screening and Filterin g, Engineer- 
i/Hg, Lofki,, 3 Aug. 1956,182 (4717), 147—8. A description of the test house and equip¬ 
ment at the International Combustion Ltd., Derby, where commercial machines 
(smaller sizes) are available for test runs on samples under no rmal working conditions. 
Illi^trated. 

728. R^crfadag Puirerizar Rollas. Anon. Engineering, Lond,, 17 Aug. 1956, 
(4719), 214-5. In maintenance of the surfaces of the rolls of coal pulverizing 

mills, until 1948 rebuilding was done by hand welding as many as five or six times 
before the rolls were scrapped. The disadvantage of hand welding is the time occupied 
and the develoimaent of cradcs and the resulting splintering in use. A solution of these 
drawbacks has been produced by Metropolitan Vickers Electrical Co., Ltd., in the 
form of an automatic welder, where a preheat of the roll to 400°C does not affect the 
welder, and where the time of deposition is reduced by over 80%, 

729. Crus^g, Grhidj^ and Scre^iii^ Eipiipment. Anon. Mach, Lloyd, 1952, 23 
(24a), 67-74. Accompanying translations in French and Spanish. Classifies size 
reduction equipment and describes the types. Emphasizes the ‘golden rule’ of size 
redudion pr^lioe—not to attempt a greater reduction than 5-1 in any one machine 
Illustrated. 

730. Oaracter&tics MrextBed CoaL Effects of Type of Mffl and Kind of Coal. 
Proceedings of the Pulverized Fuel Conference, Harrogate, 1947. Institute of Fuel. 
&1^?pes of mill were tested. Tube, ball, ring bili, emery, hammer and pig mill . The 
fineness and partlde shape of product are discus^. See under Coal 
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731. Symposium on Production Prdl^ms. Rock Prod,^ March 1951, 54, 92-^. A 
discussion covering a wide range of crushers and grinders, their characteristics in 
relation to output. 

732. Jaw Crushers, Cone Crushers, Ball and Pebble Mills, 1930-1935. Anon. ScL 
Libr. bibliogn Sen No. 226, 1936, (621.926). 198 refs. 

733. Drives for Ore Dressing Plant. Arend, A. G. Mine dc Quarry Engng^ 1949, 15, 
219. The ratings of motors are discussed for jaw breakers, crusher rolls and ball mills. 

734. Improvements in cw Relatii^ to Pulverizii^ Mills. Babcock and Wilcox, Ltd. 
Brit, Pat,, 668775, 1952. A pulverizing mill, with classifying means, to receive gas- 
bome particles and deliver the oversizes to a milling zone 'wiiere fans direct the flow 
of two streams of gaseous fluid, one to a classifier with material delivered by the 
feeder and the other to carry from a nulling zone material delivered there by the 
classifier. 

735. Teciinologie des Concassemrs, Broyems et Tamiseurs. (Technology of Crushing 
and Grinding Machinery.) Blanc, M. E. C. 1924, Libraire Polytecfanique Chez 
Beranger, Paris and Liege. 477 pp. The book deals entirely with machiiKry for si^ 
reduction and with some auxiliary equipment such as cyclones, sieves, and their dis¬ 
positions. Theoretical aspects are not discussed. A chapter on stamp mills is included. 
Translation into German by H. Eckhardt, 1933, Springer, Berlin. 

736. TheoieticalStudyoftI^Crusfaii]eofHai:dMaterials.ITieLimitstoPerformaiic^ 
Blanc, M. E. C. Rev, Industr. min,, 1939,435, 106-12. An analysis of the mechai^m 
of coarse crushing, illustrated by diagrammatic representations of the stresses in jaw, 
gyratory, roll and parallel plate crushers. The necessity of constant proportions in the 
dimensions of successive sections of the crusher is pointed out. The coupling of two 
crushers or grinders with different functions is condemned, although they may do 
useful work under particular circumstances. The importance of amortization and 
maintenance in relation to times of stoppage is pointed out. Therefore compound 
machines may not be advisable. 

737. Evolution in the Technique of Gravel ProductiiHi. Bonjean, R. ScL et Industr, 
La Route, 1938, 65; Road Abstr., 1938-9,5,338. A survey of the factors in the produc¬ 
tion of high-grade aggregate, with particular reference to operating conditions and the 
development of granulators. 

738. Big Portable Rock-Cru^img Plant Produces over 200 tcms per iMwr. Connolly, 
J. M. Engng News Rec,, 6 Nov. 1952,149, 136. 60% passing H in. and 40% passing 
i in. mesh. A schematic diagram shows a jaw crusher. 54-iiL roll crusher, washers, 
screens, etc., all on pneumatic tyres for easy transport and assembly into correct 
positions. 

739. Grmding Crudiing Machines. Crosbbe, M. A. /. Soc, chem. Ind, Lend,, 
1915, 34, 320. 

740. Chert Stones f<Mr Pan Grinding Mills. Day-Kirkby, W., Salt, R. S. and Proctor, 
G. P. Crush, & Grind,, 1932, 1, 107. 

741. Handbook. 1954, Denver Equipment Co. A compact 800 pp. handbook 
giving diagrams and detailed tabulated data for equipment used in the mineral industry. 

742. Crushing gnH Grinding Equipooient. Farrant, J. C. and North, R. Chemical 
Engineering Practice, Vol. 3, Chap. 3, pp. 48—96. Butterworths Scientific Publications, ^ 
1957. The text is accompanied by many diagrams, performance tables and graphic 
presentations of performance of mechanical and fluid energy mills. A note on coal 
pulverization is appended. No. refs. IP] 

743. Multkut Mills. Fisher Scientbfic Co., New York. Laboratory, 1952, 21 (2), 
55-6. Description of the Fischer Scientific Co. heavy duty ‘Multicut MiU’ for the 
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Iab®tat<Hy. Shearing plates are substituted for knives. Each plate face bears several 
interlocking shaip^edged teeth, which have extremely fine settings, from 0*001 in* to 
very coarse. Cuts soft materials. 

744. CM^aiid Mixhig tmder Cimtit^led Condidoiis. Frenkel, Dr. M. S. Engineer¬ 
ing, Imdy 13 July 1956,1S2 (4714), 41-2. The principle of the machine is a develop¬ 
ment < 3 i a continimus mixer, by the same author. (Chem, Age, Lend,, 25 June 1955. 
Enforced Order mixer, adjustable extruder, multi-mixer and dynamic gland.) It consists 
of two relatively rotating co-axial components with an annular space between them, 
aiKi having c^)erating surfaces of a complementary configuration, the material being 
forced along by the iimer (screw) component. All reciprocating effects which are 
destructive to bearings are eliminate and a large part of the crushing force is balanced 
within the sy^on. Tlie material is criKhed against itself and the size range is large. The 
armukr space has a diverging and converging course along the crusher. No perform- 
ance, output or dimensional data are given. Diagrams. 

745. A Trimi^oriaMe Cmsii^ and (kadii^ Plant Fridman, I. A. MecA* arduous 
Wk,, Moscow (Mekhan. Trudoemkikh, i tyazhelykh JRabot), 1951, 5 (7), 23-6. Up to 
40 cu. pa rodk: per hour can be oushed by operation of two or three workers. 

746. Treatmeiai Maiit Operatioa at Gfant YdDtowknife. Grogan, K. C. Canad. Min. 
metalL Bull, April 1953, 46 (492), 211-2. (Gold-bearing ores.) Tabulated data are 
presented for jaw crush^ Simons cone crushers and ball mills, particularly with 
rdcrence to wear of griiKiirg surfaces. [P] 

747. Wdided Cmsiier is ligbter. Cheaper, Stroller. Herbruck, C. G. Iron Age, 
April, 1951, 102. The welded construction of a sin^e roll crusher is described. A 
reduction of inertia is achkved as compared with casting and costs are reduced by 
ig>to60%. 

m. Crushers Cm<* Pud Sizu^, deaniiig. Hicks, T. Power, 1951, 95 (7), 73-5; (8), 
84-5. Various types of crushers and pulverizers are described; sin^e and double roll 
crushers, hammer mills and Bradford breakers (combined breaker and mill) . Selection 
of crush^ and imlverizers for coal and power requirements are considered. 

749. CmsIiBg and Gruidlii^ Apfiiiances. Ihe Cormectum between Type and Purpose. 
Holman, B. W. Tram. Instn chenu Engrs, Land., 1934, 12, 186. Relation of crusher 
type to innpose. Comparisons between tlie rates of reduction obtained in practice 
with varkms rocks with different crushers. Machinery is classified into four categories. 

750. Beaefiratm in 1950. Holt, G. J, Min. Engng, N. Y., 1951,190,122-5. Review 
of the mining industry in 1950 and mention of important developments in jaw crushers 
(66 X 84-in., 1000-ton^), hydraulically supported gyratory crushers, and larger ball 
mills. 

751. Sleam Geaeratkiii. Internaiional Cc»iBUsnoN, Ltd. Catalogue; 25 Publica¬ 
tions. (Bound.) Coal Milling, Publ. No. W.513; Lopuleo MiD, PubL No. G,493; 
Hardn^ Conical Mill, PubL No. G.525. Descriptions and illustrations are given and 
peaibrmazice ^;uies for some 36 industrial minerals are tabulated. Publications on 
screens, c l assifi e rs and all other equipment concerning pulverized fuel firing are 
induded. fP] 

752. Co^Fol of Cn^^ Processes. Jacxjbi, E. Berichte der Reichskohlen Kom- 

1940, Springer, Beriin, 41 pp., 72 figs. Abstract in Feuerungstecknik, 1941, 
Qushers m gaieral are considered in relation to greatest possible yield of the 
i^Bquiied An in^noved design for a two-roller crusher which approaches as near 
as possible the desired uniformity is presented. 

• RfidnetioH and Sievhig hi Mlmaal Prepaiatkm with Modem Cru^- 

Michtes and Vtotws. Kes^er, J. Arch. Metallk., 1948, 2 (6), 
-yz. A review of modem machines from jaw, roll and gyratory crushers to ball 
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mills, and methods of separation by sieving and by air and liquid separators. Methods 
of shortening the process of beneficiation are suggested, 

754. Symons Cnisliar in the Ceramic Industry and the Unirarsal Grmdlng Pknt. 
Kirchhoff. Ber. dtsch. keram. Ges.^ 1941, 22, 135-49. Ceramic Abstr., 1941, 20, 222. 
The objection to the ball mill and tl^ edge nM generally used for grinding, is that the 
product consists of rounded particles which are undesirable in ceramics. Describes 
the various types of Symons crushers and grinders. Illustrated. 

755. Polyerizais widi Air Separatfim and Air Ihrying. Koren, W. A. Industr, Engng 
Chem, {Industry 1938, 30, 909-15. Deals with various types of air separators, shown 
in the diagrams as serving hammer mills located below the bases of the single or double 
cone separators. 

756. Develoinnent of Cmshii]^ and Grinding. Lebeter, F. Mine & Quarry Btgng^ 
Dec. 1949,15, 385-93. Concludes a series of articles describing and illustrating equip¬ 
ment. 

757. Comminution Plant. Lebeter, F. Mine & Quarry Engng, 1950,16,273, 327,355, 
391; 1951,17,1471. A series of articles on the factors Muencing the choice of crushing 
and grinding equipment. The characteristics of individual mills are discussed and 
particular attention is paid to lubrication. 12 figs., 2 tables. 

758. Fnndam^itals of Mill Design. McNeill, H. C. Min. Engng, N.Y., 1953, 5 (9), 
870-1. The practical factors in the deigning of ore milling plants are described. 
(1) Selection of machinery. (2) Lowering labour costs. (3) Di^ign considerations. 
(4) Electrical transmission. Ten points are specified for design of buildings. 

759. Crudiii^ Madiines and Sieves. Majer, J. Berg u. Huttenm. Mh., 1949, 94, 
85-6; 1950, 95, 154. Crushing machines are citified and discussed. Vibrating sieves 
are stated to be the best for mechanical screening. 

760. How to Select the Crudier: Some of the Features upon vfhich a Proper Choice 
Depends. Michaelson, S. D. Engng Min. J., 1940, (12), 41-5. 

761. Cnsshers for Stime and Ore. Miller, W. T. W. 1935, Van Nostrand, New 
York; 1935, Mining Publications, Ltd., London. Gives a historical survey and con¬ 
structional details of a number of types of crusher, and considers particularly the eiOfect 
of different types of crushing surface. 

762. The EvduticHi of Vaiioues Types of Cnsdief for Stone and Ore, and the Charac¬ 
teristics of Rodks as Afiectuig AinasicHi in Crushh^ Madunary. Mdlxer, W. T. W. and 
Sarjant, R. j. Trans, ceram. Soc., 1936,35 (11), 492-560; Min. Broc. Instn cm. Engrs, 
1934-5, 2^, 39-95, 129-44; Food Abstr., 1936, 3, 622. Survey of the whole field of 
crusher development and operation, with special reference to grading of product and 
abrasion of crushing surfaces. Illustrated. 

763. CcmtiniHRis Grindh^. Moller, C. A. Trans, ceram. Soc., 1923, 22, 12-9. 
Describes the various machines and arrangements for continuous grinding. 

764. New Trends in the Field of Cmshh^ and Preparatkm of Hard Materials. 
Moelung, H. a. Progressus, 1953,5 (E5), 22. A description of the large Esch gyratory 
crusher model KB Vn/Vin and of the Esch impact breaker type EP.lOO high-speed 
crusher (type not stated) and of the Esch Magneta Screen (3000 vibrations per min). 

765. Some IntrodnctHHis in the Design of Reductmn Plants and their Equomient. 
Nimmo, a. j. chem. Soc. S. Afr., Oct. 1940, 41, 142-67. Includes flow sheets and 
numerous diagrams of equipment. 

766. Improved Feed Mechanism fw Grinders or Pulverizers. Porheus, G. Brit. Pat. 
581941, 1947. A hopper feed arrangement in which a reciprocating plunger feeds the 
material to the chamber. 
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767. Dfy Grmdi^ Equipm^t Robinson, B. Canad, Min. metall. Bull., Dec. 1954; 
Summary in Min. Mag., N.Y., Feb. 1955, 119-20. The two main categories are: 
(1) fixed path mills—attrition (disc) mills, chaser mills, impact (hammer, cage) mills, 
roll mills, ring roll mills, ball race mills; (2) free path mills—jet mOls (air blast), 
tumbling (ball, etc.) mills, cascade mills, vibrating mills. 

768. Coal Puherizers and Grindii^. Rosin, P. Ber. Reichskohlenrates, No. 25, 
1930-31. Traces development of pulverizers and of pneumatic conveying and classifying 
technique. Compares grinding practice in cement works and in large power stations 
and discusses other aspects of coal pulverization. Deals also with air-swept mills, mill 
drying and tii^ development of unit firing systems. 

769. Cradiiig ajsd Grindii^ Madiiii^. Seymour, H. 1924, Ernest Benn, Ltd., 
Chemical Engineering Library. 144 pp. Description with illustrations of crushing and 
grinding machinery, but not fine grinding machinery- 

770. PreHmhiary and SeccMidary Breaking Machineiy. Seymour, H. Crush, dc Grind., 
1931, 1 (2), 35. 

771. Primary Cm^iDg. Repcxris 1,2 and 3 and Summary of Field Tests. 

Sheppard, M. and Wiiherow, C. M. Rep. Invest. U.S. Bur. Min., Nos. 3377, 3380, 
3390, 3432, 1938/9. See under Crushing and Grinding Practice, General Papers. 

772. Om^iBg Action of St<^^ Feed Screws. Shotts, R. Q. Alabama State Mines 
Experimental Station. Contribution No. 1. Sept. 1947. 

773. Protectkm Crushing Madiinery against Foreign Substances. Siebert, R. 
Ckem. Fabr., 1939, 12, 157; Ceramic Absir., 1942, 21, 65. To prevent damage from 
foreign substances such as pieces of iron, in ores or slags, rolls are protected by springs 
attached to a sliding frame, Symons crashers have a top frame which can be lifted 
against strong springs, and hammer mills have special grooves to catch steel pieces. 
The best protection is afforded by the removal of tramp iron by magnetic means. 
Several types of magnets are described. 

774. A TexfitxK^ ai Ore Ih'essing. Truscott, S. J. 1923, Macmillan & Co., Ltd., 
London. 668 pp. Chap. Ill, 36-173. Chap. IV, 174—94. Comminution. Machinery and 
Pr^oe. Early pan mills, ringroller mills, stamp mills, ball and tube mills , beater milk 
pin mills, crusher rolls, jaw and gyratory crushers are well illustrated. 

775. Qu^iug and Grindii^, Part L Ure, S. G. Chem. & Ind. (Rev.), 21 Nov. 1924, 
43, 2144-52. Description of the various kinds of primary crushers and grinders, jaw 
crushers, horizontal and vertical disc crushers, gyratory crushers. Illustrations of each. 
Shows that Rittinger law holds for large particles, but in finer sizes the surface produced 
is greater than the power input. Concludes that the true law probably lies between 
those of Kick and Rittinger. 

776. Crus^mg and Grmdiiig, Part H. Ure, S. G. Chem. & Ind. {Rev.), 1925,44, 321-6, 

(J) Rotary breakers and crushing rolls. (2) Hammer crushers and dis¬ 
integrators. (3) Pin mills, squirrel cage mills and K.E.K, centrifugal mill. Numerous 
illustrations. 

777. Crolihig and Grinding, Part IIL Ball and Tube Mills. Ure, S. G. Chem. & Ind. 

1925, 44 (22), 551-9. Descriptions with illustrations of ring roller and vertical 

mills, the Bradl^ Giant Grifiin mill, the Bradley three-roll mill, the Sturtevant 
mill, the Huntingdon and Raymond roller mills and the Fuller Pulverizing mill (ball 
ni^ mill). 

ns. poomig Ore Feedas fw Baieficiaticm Plant. Walvoord, W. Min. Ekgng, 
N. T., 1955,7 (2), 131-4. In addition to desaiptive matter, a chart is presented showing 
the characterises, tabulated, of 16 varieties of feeder. 

779. How to Protect Qnsber Minors Against Opoatmg Hazards. Wright, H. A. 



BIBLIOGRAPHY 


179 


and Bellinger, T. F. Bigng Min. 1955, 156 (7), 88-91. Causes of damage are dis¬ 
cussed and methods of avoiding damage are recommended. Normally, adequate 
protection is not obtained from standard commercial motor controllers. 

WEAR OF EQUIPMENT 

780. Wear of Ball Media. See under Fine Reductions (Ball Wear). 

781. How Clay MacMnery Metals Wear During Plant OperatioiK. Anon. Brick 
Clay Rec.y 1938, 92 (4), 24. With a view to reducing maintenance costs, tests were 
carried out on various materials at the Engineering Experiment Station, Ohio State 
University, and it was found that certain alloy cast irons are best for mill knives, 
muller tyres and die liners, and malleable irons for dry pan screen plates. The tests are 
described, the ejBFects of chrome finishing and heat treatment being mentioned, and tte 
results are given in four tables: (1) Chemical composition and wear loss data of pug-mill 
knife materials; (2) Composition and wear loss data of muller tyre materials; (3) Wear¬ 
ing behaviour of diy pan screen plates; and (4) Composition, heat treatment, and wear 
loss data of dry pan runner plates. 

782. Mai^nese Parts Rebuilt Iron Age, 7 Feb. 1952, 194. Crusher con^ 

rebuilt with manganese steel and hard surfaced by electric arc deposit of austenitic 
steel, are stated to outlast original castings. 

783. Repair of Wcwm Cmdier Parts. Ajmon. Nickel Steel Topics, 1946,15,10; Nickel 
Bull, 1946,19,153. A cast steel swing jaw of an ore-crusher in service in the Noranda 
Mines, Quebec, which had become worn in contact with a manganese steel wear-plate, 
has b^n successfully rebuilt by facing to size and shape by a welded overlay of nickel 
steel. Earlier repair effected by the same method had proved highly successful, giving a 
continuous service life of six years. The electrodes used contained carbon 0'17% 
(max) with 4*5-5 *25% of nickel. The good machining qualities of the deposit, arid the 
fact that it work-hardens to about 380 Brinell, render the nickel steel eminently suitable 
for this type of service. 

784. Coal Pulveriziiig. Nickel Topics, 1951, 4 (3), 8. Results of test comparisons 
between Ni-Hard and White Iron Hammers show an 80% longer life of the former. [P] 

785. Mining and Dressing of Low Grade Ores. O.E,E.C. Technical Assistance 
Mission, No. 127, 1953. O.E.E.C., Paris. Obtainable from H.M. Stationery Office. 
Appendix HI. At the Salzgitter-Callrecht iron ore dressing plant, the following data 
were provided: The wear on the jaw crusher plates was 0*59-0*76 g/ton; on the cone 
crusher plates and liners 5 g/ton; and on balls in the ball mill 792 g/ton throu^put of 
ore. 

786. Hot Hardness of Hard Faciig Alloys. Avery, H. S. Weld. Easton P.A., 
1950, 29, 552-79. States that the most appropriate hard facing materials for ^her 
parts are martensitic irons, martensitic steels and austenitic steels for positions of 
light, medium and heavy impact respectively. Detailed description of these, and tables 
of data. (These tables are reproduced by R. V. Riley in Chem. and Process Engng, 
1953, 34 (1), 11, in his review of the literature of size reduction. Hammer mills are 
regarded as medium impact applications. In jaw crushers where impact stresses ^ 
high, hard alloys usually fracture before they wear out. Manganese nickel weld deposits 
(electric arc methods) usually give a suitable repair. 

787. Mathematics of CnisiiiEg and Grindiig. Bond, F. C. Symposium on Mineral 
Dressing, 1952, Paper No. 2. Institution of Mining and Metallurgy. The author states 
that metal wear cost including parts thrown away as worn parts often approaches the 
power cost. The amount of wear can be expressed as Ib/ton ground, but is more con¬ 
veniently expressed as kWh/ib of n^tal wear. Wear is not predictable from laboratory 
tests. It varies widely according to abrasiveness of material and conditions of grinding. 
Estimates are as follows: 
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kWh/lb metal 

Wet Grinding 


Balls and rods . . 7 

Mill lining ... 30 

Dry Grinding 

Balls and rods . . 35 

Mill lining . , . 150 

Hammer mills. . . 5-10 

Fine crushing ... 30 

Coarse crushing . . 40 


788. Gri&dii]^ wifli a Hammer Mill at Nmris Dam. Cadena, F. Trans, Amer, Inst. 
Min. (metalL) Engrs, 1938, 129, 185-94; Tech. Publ Amer. Inst. Min. Engrs, No. 824, 
1937. Production and maintenance of hammer mills for sand production at Norris 
Dam, T.V.A. The paper deals with three specific sets of data on the wear of the mill 
components and the costs of tool steel and manganese steel grate bars. PPJ 

789. Wear Te^. Climax Molybdenum Co., New York City. Min. Engng, N.Y., 
1950,187 (Q, 738. Reprint gratis, 32 pp. 

790. Wearmg Properties of Scmie Metals in Clay Plant Operation. Part L Pug Mill 
Knives, Mailer Hres, Rimna* Plates, Scre^ Plates. Dierker, A. H. and Everhart, 

J. O. Bull. Ohio Engng Exp. Sta., No. 97, 1937. 

791. Wear-Resistiiig Metals. Gibson, W. A. Rock Prod.^ 1940, 43, 28; Ceramic 
Abstr.^ 1940,19, 261. He discusses the use of impact and wear-resisting welding rods 
and castings for the various wearing parts of pnlverizers and grinders. 

792. Treataerat Plairi: Op^tkm at Giant Yellowknife. Grogan, K. C. Canad. Min. 
metaU. BulL^ Apr. 1953,46 (492), 211-Z (Gold-bearing ores.) Tabulated data for jaw 
crushers, Simons coiw crushers and ball mills are presented, particularly with regard 
to wear of grinding surfaces. [P] 

793. S^pecia% Hard Alloy Cast Inwa for Resistance to Abrasion. Haluett, M. M. 
and Everest, A. B. Proc. Inst. Brit. Foundrym.^ 1938-9,32,115; Ceramic Abstr., 1941, 
2i,99. 

794. Ihe Onsinug Plant Hollinger Mill Stapf. Canad. Min. metalL 

Bull.^ Sept. 1953, 46 097), 551-76. Among performance data, etc., the data on wear 
are tabulated for the jaw and cone crushers and fine crushing rolls. [P] 

795. OperatloBal Experience with Coal Pulverizing Eqoipmeit. Hubner, M. Mit- 
teibm^n der Vereimgung der Grosskesselbesitzer^ 1953 (22), 320-6. These hammer 
mills have a capadty of 5 tonne/hour for a feed of 0-25 mm size and 12% moisture, 
the latt^ bring drkd by hot air in the mill. Information is given on (1) wear on hammers 
andlRHiring, and the relation briweenfeed hardness, service life and costs, and (2) fine¬ 
ness of grinding and power costs. [P] 

796. incre^^ the Usriid life df Putvaiz^ Cmnpon^its. Kjbrick, P. S. and 
K<»rrc«tov, B. M. Za l^onondyu Toplim^ 1949, (5), 23-4. 

797. A CoaiziMioB on the Sidiject df Wear in Coal G rinding Equipm^t Knoch, F. 
Feuerm^ietAmk^ 1942,30,135-9, The paper deals with the wear of the relevant parts 
of the Anger pneumatic impact mill, the hammer mill (moving hammers) and the 

K. S.G, Naszkohleimiuhle (rigid hammer plates). Tbe action of the wearing parts is 
illu^raled diagrammatically. 

19S. Camses (rf Wear m Percnsrioii Mills {for ^wn CoaQ and Possibilities fw its 
PteventiOB or Dmaimitioii. Kopee, P. Warrm^ 1941, 64, 155—8. The nature and causes 

wear in praxEsion mills, e^)edally of the striker heads, are discussed and modifica¬ 
tions and devices designed to resist rapid wear described. Reduction in wear is usually 
aooonijanied by unsa^actory output, but designs are presented for which it is 
dahned that the wear is reduced without detriment to the ou^ut. 
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799. Steels for the Refractory and Heavy day Industries. Miles, G. W, and Ketih, 
W. B. Edg, Allen News^ 1954,33 (380), 29. A tabular smnmaiy is given of the wear on 
fixed and moving jaws of jaw crushers for 9 types of steel, [P] 

800. Problems of Wear in the Ore Dressbig Tnstalfaitioiis of the Mitt^rberger Copper 
Mine. Pranter, H. Berg w. huttenm. Mh,^ 1955,100 (1), 66-9. Results of wear measure¬ 
ments in wet ball milling are tabulated, together with the wear observations in the 
pie-treatment Symons crushers and prall mills. Comparisons are made between 
amount of wear and increasing product output. 

801. Antmnatic Hard Facing of Worn Pulverizer Parts Pays Off. Ruggie, R. Pwr 
Engng^ April 1954, 58, 72-3; Fuel Abstr.^ Sept. 1954, 2466. To attain the minimum 
maintenance on pulverizer parts subjected to severe abrasion in grinding coal to 
70% passing a 200-mesh sieve, the Qeveland Electric Illuminating Co. employ hard 
surfacing of mill rings and rolls. The problems overcome are described. 

802. Wear on Jaw Cmsha* Plates. Taggart, A. F. Handbook of Mineral Dressing^ 
1945, Wiley & Sons, New York, and Chapman & Hall, London; 4*06 and 4*07. 
General aspects and costs. 

803. Grindii^ Tests a Fuller Pet^ MBL Winter, H. and Flamm, A. Brennst.- 
Wdrmekr.^ 1953,5,45-9,76-9. Tests on ball and ball race wear are discussed. Although 
the grindability of various cokes tested differed considerably, the specific wear 
(grammes/tonne) remained almost constant. By using special alloys, the spedfic wear 
for the two races and the balls together was reduced to 25 grammes/tonne. Graphical 
and tabular representation of results, and two illustrations. [P] 

PLASTIC BEARINGS 

804. Bearings Made frtm Pressed Plastics for Use in Prepaiafioii Madiiiies. Kissler, 
R. TonindustrZigy 1941, 65, 510. Data are tabulated on the use of pressed plastics 
in the bearings of cement mills, stone crushers, roller crushers concerned with mining, 
roUer crushers 750 mm diameter x 500 mm, and centrifugal mills 1750 mm crate 
diameter. Precautions to be taken when using plastics for this purpose are enumerated; 
if these are observed the life of the bearings will attain to or even exceed, that of metal 
bearings. 
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SKULL BREAKER 

BOS. j^iiH Breaker in a Limestone Quarry. Mossier, McH. Inform. Circ. U.S. Bur. 
Min., No. 472, 1948, 4 pp. A skull breaker, comprising a Mn-steel ball (of 2 tons) 
suspended from a crane (suspension illustrated) has completely displaced secondary 
blaking in a limestone quarry at Pleasant Gap, Centre County, Pennsylvania. The steel 
ball is roughly spherical; the suspension chain has a life of the order of 10 days. The 
skull breaker increases s^ety of the workmen and the number of operating days, and 
lowers the mining costs. It might be applied advantageously to other mines. 


CRUSHER ROLLS 

806. Arc Welding of Cni^r R<^ Anon. Brick Clay Rec., 1940, 96, 27; Amer. 
Ceranuc Abstr., 1941, 20, 267. Worn crusher rolls may be repaired economically by 
welding metal on to the concave portion in the centre of the rolls. 

807. Reduced Wear by Siiq>aidii^ (kinding Units. Anon. Brick Clay Rec., 1949, 
115 (4), 4, 62. A d^cription is given of a new roll grinding system installed in a brick¬ 
works. A feature is the use of suspended rotating rolls which damp vibration, so 
reducu3g wear and tear. Three sets of roll-type crushers are hung by steel cables; no 
heavy foundations are required and the supporting members are light steel columns. 
The large ^nreening mechanism is described. 5 figs. 


808. Rwis About RoRs. Anon. Brit. Clayw., 1922, 31 (360), 7. 


809. Csre of Crusiyi^ Rolb. Anon. Brit. Clayw., 1931,40,314. Vibration in crushing 
rolls can be recognized by varying thicknesses of the clay, whereas if the roUs are work- 
mg properly the cakes are of uniform thickn^s. The symmetrical nature of the changes 
in thickness enaWes the vibrations to be distinguished from irregularity caused by a 
stone between the rolls. Grooved rolls are a common cause of poor crushing. 

810. The Wear and Tear of Croshiiig Rolls. Anon. Brit. Clayw., 1943, 52, 38, 71. 
The wear on rolls due to vibration is described and suggestions are made for reducing 
iLExcessive wear is caused by clay falling over the ends of the rolls and reaching the 
brar^. Thfe should be prevented by vertical metal plates (known as ‘hopper cheeks ’) 
TOidi are fitted i^r to the end of the rolls. The adjustment of crushing rolls is discussed. 
The methods of trimming and dressing the rolls are described in detail. 


811 OrohiBg RolK Anon. Edg, Allen News, 1948, 27 (313), 83-5. In outlining 
SOTO features oertam crushing rolls which are secondary crushers, their minimnm 
IS a)nsidered to be an advantage. Hi^-speed rolls usually have 
smooth faces and work at peripheral speeds of 700-1000 ft/min. 5 figs. 

Mad^. Edg. Allen News, 1952, 31 (364), 245-6; 
de^tion of high-speed crushing rolls for sizes \ in. and less. 
medianK^ details. Brief details are given of cubing and kibbling rolls and 
some slKirt general notes apphcable to both high- and medium-speed rolls. 

^ New Sadnnii^ve Plant. Anon. Edg. Allen News, 1954, 33 

4 ft 6 5 ft diameter, 

4^jm wide, 160 lev/mm passes lumps up to 36 x 18 x 18 in. and 300 ton/h at 7 x 4 in. 


Engineering, Land., 16 Jan. 1953, 
175 (4538), 94. A descnption of the 30 x long Fraser and Chalmers toothed single 
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roll crusher for chalk at the Chiimor Cement & Lime Co., Ltd., Oxfordshire. Lumps 
up to 3 ft can be fed. The breaker plate can be adjusted up to 9 in. discharge. 

815. Grinding Plants for the Cement Industry. Escher Wyss News, 1950/51, 23-4, 
101-3. Mainly concerned with ball mill plants with classification. Drawing of com¬ 
pletely welded ball mill, which results in better stress distribution than riveted designs 
and facilitates fitment of manholes, etc. 

816. Slider Roll Crasher. Anon. Min, Mag., Land,, 1955,42 (4), 234. A Chesterfield 
firm announces the largest single slugger roll crusher to crush shale overburden in 
Malaya. It will crush shale 4 x 4 x 1^ ft to less than 10 in. 

817. Stone Cnr^iers. Anon. Mine & Quarry Engng, 1942,7 (7), 269. Singje-pair high¬ 
speed rolls, without gear, and having each roll separately driven is now quite usual 
practice. The cost of the two-motor equipment will probably prove comparable with 
that of the countershaft equipment, and is likely to prove more free from trouble. 
It can be employed for breaking down oversize pieces of stone. A convenient and satis¬ 
factory reduction ratio of large size of feed to toge size of product is 2^ to 3 to 1 if the 
roll surface is rough. Single-roll, gear-driven machines are also in use as sledge or 
breaking-down machines; a fair number appear to be in use in the U.S.A., but there is 
little call for them here. 

818. Rock Crusher. Rock Prod., 1953, 56 (9), 68. A two-corrugated roll crusher is 
described and illustrated. The Waldrip Eo^eering Company’s machine has two 
30-in. diameter fluted rolls, one concave and the other convex. The compression is by 
hydraulic means, oil and gas, which allows release of tramp iron, etc. 

819. Unit Opaaflons. Brown, G. G. and Associates. 1950, Wiley & Sons, New 
York, 1950, Chapman & Hall, London. Size reduction of solids, pp. 25-49, includes a 
mathematical analysis of the forces at the crusher rolls. 

820. Velocity of Hit in Rock Oni^iiiig. Fahrenwald, A. W., Newton, J. and 
Herkenhoff, E. Engng Min. J., 1937, 138 (12), 45-8. Much work was carried out on 
the above problem with a roll crusher, but was abandoned as an unsatisfactory 
approach in favour of drop weight tests. Results of crushing tests with the rolls are 
tabulated, and the construction of the roll crusher is described (11 in. dian^ter, 1 in. 
face). DP] 

821. Welded Crusher is lighter, Cheapa:, Strwiger. Herbruck, C. G. Iron Age, 
April, 1951,102. The welded construction of a single roll crusher is described. A reduc¬ 
tion of inertia is achieved as compared with casting, and costs are reduced by up to 60%, 

822. Rolla: Qushers. Miller, W. T. W. and Badger, G. Proc. Instn meek. Engrs, 
Land., 1939,141 (1), 69-80; Discussion, 563-9; Mon. Bull. Brit. Coal Util. Res. Ass., 

1939, 3, 619. A study of the characteristics of roller crushers for the reduction of ore, 
stone, coal, etc. Single roll crushers have been developed for semi-hard slippery 
materials such as phosphate, gypsum, shale, etc. Two roll crushers are the most 
numerous. Three roll crushers are not always successful. Two examples are described 
and their defects explained. Four roll machines have been useful for coal. Six roll 
crushers are not very common. Reasons are given for their restricted application. 
Taylor’s 3-stage coal breaker and the 2-roll and disc Simplex machine are described. 
The factors which influence tl^ performance of rolls are examined in detail and a 
formula for obtaining their capacity is given. The correlation of angle of nip and feed 
size, and their effect on the diarc^ter of smooth rolls is emphasized. A time factor 
diagram is given to show the reason why rolls of large diameter can be run with 
higher circumferential speeds. Figures of normal power consumption are specified. 
10 diagrams, 20 photographs of toothed and plain roll machines. 40 refs. 

823. Skane Considaratioi^ RoQs. Raupach, R., Maschenenfabrik. TomndustrZtg, 

1940, 64, 569-70. Reasons for poor performance of cradling rolls are discussed. 
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824. Secondary Madiin^. Seymour, H. Crush. &, Grind.^ 1931, 1, 35-6. 

Description with diagrams of JeiFiey single roll crasher, and of a swing hammer 
pulverizer. 

825. Prhaary Progress Report No. 1. Sheppard, M. and Wiiherow, 

C. M. Eep. Irwest. US. Bur. Min., No. 3377, 1938, 11 pp. An investi^tion into the 
output of primary crushers in relation to tl^ir design and operation. Gyratory and roll 
crak»ers were investigated. Results on the crashing of limestone are embodied in 
14 graphs, 6 tabte and a long summary. [P] 

826. Practical Merits and Dieoretkal Values in the Preparation of Clay. Spingler, 
K. TonmdustrZtg, 1942, 66, 403. A discussion is given of the apparatus used in the 
crashing of day. The output for fine rolls calculated in cu. m/h ranges from 1*5 for 
10 h.p. to 8*0 for 50 h.p. The output for aushing rolls per hour ranges from 1000 at 
5 tup. to 4000 at 12 h.p. A standardization and simplification of the apparatus is 
suggested. [P] 

827. GriiidH^ Rdb as a Prepaiatloa Madiine. Spingler, K. Ziegelindustriey 1950, 
3,509; 1951,4,1217. Some practical hints are given on the use of crashing rolls in the 
brick industry. 3 figs. 

828. Trodlde Free Operatkm of Roll Grumblers. Tolschin, A. I. and Panin, S. A. 
Fireproof Mat.y Mosarw (OgneuporyX 1952, 17, 333. A brief note on the smooth 
op^ation of roll crashers, which are distinguish^ by the absence of gear and pirdon 
between the rolls and the presence of flywheels on each roll. 

829. Rc^ Crash^ Vaganov, N. P. Fireproof Mat., Moscow (Ogneupory), 1934, 
2,44. An expression is derived connecting 13 operation variables, power requirendents 
and cradier dimensions. 

830. RecoBstractioii of Bearii^ in Cn^hii^ RoBs- Zakharov, I. F. Fireproof Mat., 
Moscow (OgneuporyX 1952,17, 42-3. 


HAMMER AND BEATER MILLS (COARSE REDUCTION) 

831. Grliid^ of Minerals in Gamany 1939-1945. B.I.OS. Report, No. 1356, 
H.M. Stationery Cffioe. The swing hammer mill becomes specially important for the 
disintegration of fibrous and tough material, e.g. for clay, bones, leather, wood 
asbestos. 


832. lie Power Requar^nents of Impact Mills. Anon. Arch. Warmew., 1941,22 (11), 
240. Expressions are given for the power requirements of piall mills, and the perform¬ 
ance and power requirranents are presented in curve and block diagrams. [P] 


833. Hanmier Mil and Vixatmy Feedm Increase Plant Effidency. Anon. Brick 
Clay Rec.y 1939, 94 (5), 14. The hamme r mill produces granidar particles at 6-mesh 
uMie^ vtodi ^ better for manufacture than the flat, flaky partides given by smooth 
A mm with 66 hammers, driven by a 150-h.p. motor through a 14-strand V-belt 
tove, hai^te 500 tons of clay per day. Vibratory feeders give a more uniform feed 
than disc fee<tes, and do not clog. Each can be controlled by the pugmill mati - 


T* Bndisfe Dian^ Rock Buster. Chem. Age, Lond., 26 Mar. 1955,745. 

It can red^ any hard fiiable material jfrom a maximum feed of 36 in. down to 90% 
passing a sieve in o^ sta^. Easy adjustment makes possible a wide variation of 
sm of pr^i^, Avaikbie m ^o sizes. Performance for limestone, carbide and sintered 
d^isquot^ m ri^r weighs 2 tons (or 5 tons for larger model). A cubic-shaped 
^cgctBdam^ IS by the rotor hammer bar impact^ impact against bars 

l^mg, rebound against oncoming material, and finally 

cnisiimg between the rotor bars and adjustable rings. 

«f 1952,29 (10), 433-4. The miU consists 

of three parts, a centrifugal inq)eller rotating clockwise at 1000 rev/min; a moving 
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baflSe plate rotating anticlockwise at 1500 rev/min and a stationary baflSe plate. The 
material is fed through the stationary plate and forced by the impeller into repeated 
contact between the two baffie plates until small enough to leave through the adjust¬ 
able gap between the plates. The driving shafts are concentric from one side. The 
chamber is in the shallow double cone, with the feed opposite the impeller. 

836. Swing Claw Crosto*, Edg. Allen News, June 1953, 32 (372), 123-4. Tfc^ illustra¬ 
tion shows claw hammers mounted on a sh^. The niachine is stated to reduce coal 
from li in. to \ in. The material passes through a sieve at the bottom. Diagrams and 
tabl^ of dimensions. The machine is suitable for coal and other brittle materials. 
Sizes range from 20 x 12 in. to 40 x 48 in. See ibid., 1955,34 (395), 101-2. 

837. PulvarizSiig in One Madiine. Edg. Allen News, April 1954, 33 (382), 8. For 
crushing, e.g. limestone or slag, from 2 to 3 in. down to products from f to i in. and 
under, t^ Stag K.B. rotary pulverizer is suitable. The swing hammers are mounted 
on eccentric pins for adjustment to allow for wear. Hinged breaker plate and slide-in 
screens are embodied. Capacities are up to 20 ton/h. Data for various materials are 
tabulated. [P] 

838. Maldiig Cubical Edg, Allen News, April 1955, 34 (394), 80-1. The 

Stag KJB. rotary granulator is described and illustrated, and performance figures 
(for several rocks) of the four sizes are tabulated. A cubicjtl product for road stone is 
claimed, by virtue of the design of liners and adjustable breaker plate. The heavy steel 
rotor is provided with three adjustable swing hammers. fP] 

839. The Use of Resili^lmpaitt Mills in the Ca-amic Industry. Anon. JSvro-Cem/7zzc, 
1955, 5, 95. With the Berger mill (Germany), the material being fed collides first with 
flying pieces in the impact chamber before coming in contact with the rotor blades. 
It is claimed that the material breaks along natural cracks and cleavage planes by this 
means, and lower power consumption is attained. 

840. A Robust Coal PuIvOTzer. Anon. Gas. /., 27 Sept. 1950, 263, 606. A brief 
description of a new swing hammer pulverizer built in capacities from 10 to 250 ton/h 
producing 80-90% throu^ i-in. mesh in one operation. A simple external adjustment 
for product size during running is provided. 

841. The Advantage of linpeller Breaks in the Field of Ceramk Products. Anon. 
International Ceramics, 1953, (2), 14. Primary and secondary crushing are effected 
and produce a cubic grain down to the finest fractions. The feed is flung by rotating, 
blades on to impact plates which give way for tramp iron, etc., which is expelled. The 
impeller works without screens, has a low i>ower consumption, is vibrationless and 
needs only li^t foundations. Maintenance is simple and operation costs low. The 
crushing effect is said to be much greater than in ordinary jaw breakers, Symons 
crushers, or edge runners. 

842. Swing Hamm^ Pulv^izers. Equipmbent in the Vanderbijl Coke Oven Plant in 
South Afirfca. Iron Coal Tr. Rev., 1947,155, 1048. 

843. Hamme r MiOs. Mach. Uoyd, 1951, 23 (24a), 67. Principles of size reduction. 
Distinction between crushing, grindiag and pidverizing is made. Hamn^r mi ll s are 
treated in detail. The general principle of size reduction is restated, i.e. it is inadvisable 
to attempt a greater reduction than 5:1. 

844. StcHie Crushes. Anon. Mine Quarry Engng, 1942,7 (11), 269. The hammer 
mill is a hi^-speed machine and its mechanical efl&ciency is probably higher than 
that of any other crusher. ‘Smalls’ and ‘fines’ are characteristics of the products of 
hammer mills. There are quite a number of differences in design; most machin^ are 
fitted with a sin^e shaft and a sin^e set of hamnaers which drive the stone a g a i n s t a 
hard and heavy breaker plate, whMe most of the reduction is effected. Some have two 
shafts and two sets of hammers and the feed is delivered and held in a form of heavy 
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bar cage above and between tlte arc of action of the hammers. Others are fitted with 
swing hammers and some with fixed. 

845. The New Hammer Mffl *Iinperator\ Anon. TonindustrZtg, 1923, 42 (4), 2. 
Tl^ mill consists of a cylindrical casing in which is a revolving shaft with hammers 
attached. The casing is fitted at the bottom with a grating which can be regulated 
according to the ste of material required. The mill is capable of dealing with material 
from egg to cocoa-nut size. The hammers are not of the rigid type, so that, on meeting 
with hard, foreign matter, e.g. pieces of iron, they are turned aside. 

846. Impact Breakh^. Anon. TonindustrZtg, 1953, 77 (7/8), 14^. A discussion 
of the mechanism of impact breaking. Expressions are deduced relating the speed and 
weight of the particles, free path of the particles and other factors. It is concluded 
that for certain materials, the method has advantages, but for others it is not economic. 

847. Gernmii Ihdnstry Fair, Hanover. TonindustrZtg, 1953, 77 (11/12), 212. Six 
illustrations of current prallmuhkn types of impact mills. The rock is projected by 
rotors against the walls or bars or curved segments from which it rebounds to the 
incoming feed before being moved round for further similar treatment. A large pro¬ 
portion of the reduction is thus done by impact between the lumps themselves. In 
TonindmtrZtg^ May 1953, 9/10, 181, a list of the German firms making prall mills is 
given. 

848. Coal Equipiiiait. Insta]Iati<Hi and Application. Anderson, J. W. L. 

Iron Coal Tr. Rev,, 1938,136,405-7. A description of breakers and systems for crushing 
a»i!. lOustrations of hammer crushers. (Knives or hammers fitted to heads revolving 
against breaker plates.) 

849. Beatar MOis. VariaWe Le^th Beata- Anns. Babcock and Wilcox, Lid. 
Brit, Pat 688523, 1952. The particle size of the product can be changed by varying the 
peripheral speed of the beater arms and/or the effective diameter of the beater circle. 
In the drawing, the change in effective diameter was attained by arranging for the 
several pairs of beater arms to slide in and out of the shaft, and thus vary in effective 
length. Another method was the use of a suitable driving motor to vary the speed of 
the mill. Air removal of the fines is arranged. 

850. of Tests Canried out cm the Swing Hamm^ Pulverizer. Bird, C. £. J. 
cl^m, Soc. S. Afr,, 1951,52 (11), 109-17. The amount of fines decreases with reduced 
motor speed and with increase in bar openings. The speed can be adjusted for coarse 
or fii» product without imduly affecting the capacity of the lAachine. For the particular 
machine used, speeds of 800 rev/min and 1160 rev/min are suggested for the two 
products. PP] 

851. In^^act Cn^iiers fix* both Primary and Secondary Crashing. Bradford Hills 
Quarry Inc. (Lenhart, W. B.). Rock Prod., 1954, 57 (2), 81-2. 

852. Rock Crabber Havfi^ Controlled Rode Scre^iing and Co-operating Grate 
Means. Fogle, F. D. U.S, Pat 2661158,1951/53. A hammer mill with pivoted hammers 
mounted on two reversibk spindles throws the broken stone against beams of graded 
sizes and apertures disposed along the side wall of the mill and above the hammers, so 
that broken material not passing between the beams is returned to the hammers. 
There is a grating below eadi shaft 

853. Sfee Reduefikm by Impact Fowler, J. T. Chem. metall Engng, 1938,45, 230-3. 
Rdes ^veming ^Sdency and cost are outHned. Describes the action of swing hammer 
milk for various purposes, and illustrates the giant swing hammer mill 54x48 in. in a 
cemumt m ill for rediKsng limestone from run of mine size to 1 - J in. in one operation, 
Oporating prindples are itonizied. 

854. The Sintemg Northanoptoiishire Iron Che. A Production Plant Study of 
Factors Affiectmg Smter Quality. Gilongs, D. W. et ah J. Iron St Inst, 1951,167, 400- 
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39. The special problems associated with the crushing of Northamptonshire iron stone. 
It was foimd that the build-up of fines on the stationary breaker plate of a swing 
hammer mill could stop crushing when the hammer tips became worn. This build-up 
could be most satisfactorily avoided by a new design incorporating two hammer rolls 
mounted side by side without a stationary breaker plate. The mill was somewhat 
similar to a high-speed double roll crusher, but with the advantage that the hamn^rs 
keep clean owing to the high speed of operation. Cf. Yoimg, C. W. Briu Fat, 578236, 
1946. 

855. Control ai^ Segregatlkm in Dry Grindu^. Hekdryx, D. B. Brick Clay Rec,^ Jan. 
1954, 46. A detailed comparison between the merits of hammer and pan mills for 
grinding in the heavy clay industry. See under Ceramics. 

856. Screen Changer fcM* Hamm^ Mills. Keiper, E. H. U,S, Fat, 2710149, 1955. 
The object is to provide a number of screens for the hammer mill, housed within the 
mill and capable of being positioned by remote control, say, from the floor above the 
mill without a person having to go down to change and lock the screen. 

857. The Possibilities of flie Pralimuhle in the Stone and Mineral Industries. Pt. L 
Lehmann, H., Buchartowski, H. G. and Parpart, J. TonindustrZig, 1951,75,372-77. 
Although impact mills have served well for coarse and medium reduction, their 
satisfactory application to fine pulverizing is not yet fully accepted although they have 
had wide use. The paper is devoted to results obtained for various hard rocks and to 
comparisons with the results of other pulverizers, e.g. hammer, Simons and ball mill, 
with graphic presentations. 8 refs. [P] 

858. The Possibilities of the Impact MQl (Pralimuhle) in the Stone and Mineral 
Industry. Pt. 2. Lehmann, H., Meffert, H. and Buchartowski, H. G. (Clausthal), 
TonindustrZig, 1952, 76, ^14. A tabular representation of the twelve types of prall 
mill technical data. Graphical representation of results in pulverizing furnace slag and 
other by-products, phonolith, limestone, burnt lime, cement clinker, burnt clay, grog, 
etc. The mill is suitable also for preparing aggregates. [P] 

859. Crushing, Conveying and Screenii^. McBride, W. J. Edg, Allen News^ 1948, 
27, 123. The author deals with secondary crushing and the hammer mill in particular. 
It is of primary importance to study all details in order to determine the type and size 
of machine required for a particular job. In general, there are six types of secondary 
crusher, although the jaw, cone, and gyratory crushers when used as secondary crushers 
are similar in behaviour as when used as primary crushers. The hammer mill is the best 
all-round secondary crusher, as the resultant product can be varied by several means; 
little space is required; worn parts are easily replaceable; a cubical product is obtained; 
and machines may be had in widely varying sizes. Examples of mill performance are 
tabulated. Power consumption compares favourably with that of other types of 
crushers; replacement costs will vary with conditions, but some guide is given. 2 tables. 

860. Scnne ObservatioDS on flie Use of Hammer Mills in the Ceramic Industry. 

Massieye, J. (Societe Fran^aise Ceramique). 1953 (7/8), 155-8. 

The results of laboratory experiments on the grinding of clay are presented graphically 
and lead to the following conclusions. With this type of mill it is difficult to vary tl^ 
granulation of the clay, and changing the grating has a negligible influence, and only 
wastes time. This may not matter with clay, but for hard materials it is important. 
The hammer mills in current use do not permit any large variation in the granulation, 
even for ingredients for refractories, although it is larger than for soft materials. The 
experin^ntal results obtained, confirm once more previous findings on an industrial 
scale. It is concluded that it is very difficult, if not impossible, to obtain a given granula¬ 
tion with a given material by means of a hammer mill. 

861. Inyestigations on the Possibilities of Modan Madiiiies. Impact Hamma* Mi^. 
Meinecke, E. Z. Erzbergb, Metallhuitenw,^ Aug. 1952, 5, 314-19. In the comminution 
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of Skgeriand Si<ieritc, the advanta^s of hammer mills over jaw breakers are enumer¬ 
ated in four aspects, and hammer mills are considered eminently superior to all other 
forms of primary crushers. 

862. De?dk)|)iiieirt hi Impact Cni^iing in the U.S.A. Mtttag, C. Z, Ver. dtsch, Ing,^ 

1952, 94 (13), 365-7. Whereas prall mills have only been used in Germany since the 
end of the second world war (see under Puffe), they have been used in U.S.A. for 
30 yeaxs. Hie construction of single and double roll prall mills is shown, also a trans¬ 
portable double roll breaker is illustrated; and tables are given of performance under 
\^iying conditions and under varying energy consumption. The use is increasing in the 
U.S.A. It has had extremely wide use in road building. fP] 

863. The PraH Pulverizer in Tedmical Processes. Mtitag, C. Chem.-Ing,-Tech., 

1953, 25 (4), 179-80. A review of the development of impact pulverization and a 
description of the toaker and its application. A table of data of product sizes in relation 
to mill speed is included. |P] 

864. Hammer Mill with Decentric Rotmrs. PoLixrz, H. C, Iowa Manupacturing 
Co. U.S. Fat. 2563958, 1951; Off. Gaz. U.S. Pat. Off, 1951, 649 (2), 416. The grate 
is arranged eccentrically to tiie shaft, the gap narrowing in the direction of rotation. 

865. Madime for Breakh^ Stone, etc., by Means of Impact. Poyser, R. G; and 
Marsimen, Ltd., H. R. US. Fat. 2705596, 1955. A pair of four hammer shafts revolve 
towards each other. The stone falls vertically in two streams and is struck by the 
hammers and projected to the casing or breaker bars. Less wear of parts is claimed. 

866. How the Impact Cnsdi^ Can Cut Costs. Puepe, E. Engng Min. 1955,156 (7), 
98-100. Most so-called hammer mills are impact breakers. They are replacing jaw 
crushers, roll mills, gyratory crushers and even ball mills, wherever they can apply. 
Tabulated data show that output per hour for the Mechemich lead-bearing sandstone 
is much greater and the h.p./cu. m of product is much less than those of the other mills. 
CP] 

867. Comlmied Hamm^ Mill Crashing airi Oversize Separatin g Apparatus, Pul¬ 
verizing Machinery Co. U.S. Pat. 2552596, 1951; Off. Gaz. U.S. Pat. Off., 1951, 
646 (3), 776- 

868. CHamma: Mi^), Seiler, Ltd., H. (Zurich). Swiss Pat. 296418, 
1951/54. An arrangement of two sieves to a hammer mill, whereby two desired sizes of 
product can be obtained simultaneously. 

869. Secondary Cr^mg Madiinay. Seymour, H. Crush. & Grind., 1931, 1, 35. 
Several examptes of crudiing rolls and swing hammer pulverizers are illustrated and 
d^cribed. 


^ Grinding ^efaine. Simon Carves, Ltd. Brit. Pat. 598040, 
1949- Sohd passed first to a swinging h a mm er type mill, then through an axial eye or 
opening into a beater miU. 


871. Spies, H. CMiery Guard., 1954, 189, 382-3. The Hazemag 

In^Jeller wpaJeer is (fesccibed and illustrated. The mill has an inlet and outlet screen, 
tro ^ of unpact idates and a single rotor. Rraults are shown graphically of the 
leakage o rock aini coal in i^pect of granularity and size of product against Quantity 
of mput, up to 45 tons per hour. [P] ^ j 


872. Coatrol of Conreyw Belt Feeding to Hammo- Mills. Waeber, H. G. 

Zemettt-^lk-Gya, 1953, 6 (1), 23-4. Overcharging of hammer mills is a frequent 
cause of trouWe m opraation. Brown Boveri has produced a device for stopping the 
dhaigmg when there is danger of overloading and resuming when normal. Idle time of 
me crusher is thus redioed. 


873. How to Increase Oe Petfwmance of Hammo: Rdls. Waeber, H. G. Zement- 
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Kcdk-Gips, 1953, 6 (3), 78-80. The author describes a Brown Boveri & Co. device 
which permits the flywheel energy of the crusher to act in unison with the output 
impulses of the driving motor and so increase the crushing energy. The characteristic 
curves of the three-phase slip-ring motor are altered by the device. Overloading is 
avoided and idle time is thereby reduced. 

874. Reversible Swii^ Hamm^ Crosby with Adjiistalfle Breaker Plates. Wright, 
F. J. (Assessor to Jeffrey Maniifactiiiing Co.). U,S, Pat. 2478733, 1949; Paint, Yarn. 
Prod. Mgr, 1949, 29 (10), 21. 

JAW CRUSHERS 

875. Jaw Crushers. See also under Aggregate. 

876. Two New Croidia: Jaw Deveh^MH^ts. Anon. Claycraft, 1945,18, 384. Crusher 
jaws can be designed to overcome various difficulties, but not all of them, so that the 
machine should be chosen in accordance with the results required. A new design 
with a flattened centre portion and an enlarged zone towards the outlet end reduces 
wear on the plates and improves the shape of the product, thus making it unnecessary 
to use jaws with ‘staggered’ teeth or one worn and one unworn plate. Excessive wear 
at the toe, which occurs from various causes, can be overcome by the use of the new 
segmental jaw plates, the new sections being dropped m successively at the top. This 
reduces maintenance costs, since each segment gives longer wear. 

877. Cniidiiiig Hard Materials. Edg. Allen News, 1953, 30, 99-101, 125-7, 148-9, 
173-4. Description with illustrations of jaw crushers, with tabulated machine data. 
Appropriate screens are described. 

878. Jaw Granulators. Edg. Allen News, 1953, 32 (367), 8-9. Illustrations of jaw 
granulators, with table of mechanical details and power requirements for various 
sizes. 

879. Kue-Ken Baknced-Jaw Crasher. Anon. Engineering, Land., 15 Feb. 1952, 173 
(4490), 203. Sole rights to manufacture in U.K. the American Straub range of Kue-Ken 
jaw crushers are acquired by Armstrong-Whitworth. Direct pressure and no rubbing or 
abrasion. Wear is diminished, but the crusher has special features for taking up wear. 
Rate of 350-425 strokes per min. Various sizes 4-200 ton/h, 7i to 50 h.p. 

880. Giant Aton. Metallurgia, Manchr, 1953, 48 (286), 92. The Inter¬ 

national Nickel Coiiwration has installed five jaw crushers undergroimd. Each is 
capable of crushing 450 ton/h. Each swing jaw wei^ 16J tons. 

881. Und^ground Crashii^ Statkm. Anon. Mine & Quarry Engng, April 1955, 
168-9. At the Kurunavaara iron ore mine in Sweden, open-pit mining is being changed 
to underground mining, with an increase from 6-7 million to 12 million tons per 
anmim. The boulder crushers, jaw crushers, are illustrated. These are the Morgards- 
hammar Boulder crushers weighing 120 tons, with a 71 x 55-in. opening. 

882. Stone Cnsshers. Anon. Mine & Quarry Engng, Nov. 1942,7,268. Jaw crushers 
are usually arranged with a swing jaw, whidi obtains its motion throng a toggle 
from the pitman and the pitman, in turn, from the riiaft. A variant of this design 
is the granulating crusher in which the jaw-stock is fitted to the shaft direct; this 
r^ults in the jaw-stock having a form of rolling movement greater than that of the 
pitman type, but it only serves to good purpose Triiere the material and operating 
conditions are suitable. In the normal sizes the jaw crusher may be considered a general- 
purpose machine, as it can be used for general reduction of various types of materkd. 
Its most suitable application is for the reduction of oversize lumps within its capacity, 
and the mean reduction ratio of the feed-product should be kept down to, say, 3 or 
3itol. 



190 CRUSHING AND GRINDING 

8S3. Study of Crazier Types. Anon. Pierres et Min., 1934, 6 (61-2), 959-70. Jaw- 
type machiries: Blake type and single-toggle machines are considered. The single- 
toggle type heavy wear on the jaws and, on account of the large production of hues, 
requires more power. Jaw wear may amount to 0*9 to 1 kg per 1000 kg of product, but 
is more often about 0*6 kg for hard rock, and falls as low as 0*01 kg for soft limestone 
(mangan^ steel jaw-plates). For hard rock the g^atory machine is more economical. 
The main advantages of jaw crushers are simplicity and strength, ease of adjustment, 
and more cubical stone due to the economic possibility of using toothed jaws. To main¬ 
tain a cubical product the jaw-plates must be replaced before the teeth have disappeared: 
siKh replacement would be too expensive with gyratory crushers. A Blake type of 
cnisl^r is described in which the jaw faces are parallel for a short distance from the 
discharge opening and the whole of the material is sized by the parallel zone. Jaw wear 
does not average more than 0*3 kg per 1000 kg for hard rock or 0 *45 kg in exceptional 
cases. Power consumption is 33% less than for a normal machine. Gyratory crushers.— 
The various designs are discussed. The gyratory crusher gives a more cubical product 
than either crushing rolls or disc crushers. Jaw wear is at least six times less than with 
sin^-toggle jaw crushers, though the cost of effecting replacements, when required, is 
about double. Rather shorter sections deal with rolls, disc crushers, cone crushers, 
impact crushers and other types, and provide various operating data. (Joisel, 1950, 
considers that the prince of teeth does not materially improve the size or shape of the 
product.) 

S84. A New Design m Crabbers. Anon. Quarry Mgrs* 1947, 30, 576. This sin^e 
jaw crusher incorporates the principle of crushing without rubbing, the rock being 
nipped and crushed squarely with minimum slipping and very small wear of jaw-plates. 
A sealed oil-bath lubrication system is fitted, and the crusher operates at 350-400 
crushing strokes per min., which is a considerable increase in speed over the older 
types of madur^. 

885. The Minhig and Dressing of Low Grade Ores in Europe. Ahlmann, B. (Royal 
Institute Technology, Stockholm.) O.E.E.C. Technical Assistance Mission, No. 127, 
1953. O-jELE-C., Pam, 1955. Obtainable from H.M. Stationery OflBce. Some investiga¬ 
tions of jaw crushers, pp. 271-2. The main object of the work was to determine whether 
useful predictions can be made with regard to capacity, wear, etc., from standard 
laboratory tests using standard laboratory jaw crushers. Pre liminar y tests on 50 
dhferent samples of ores and rocks showed that such factors as texture of the ore and 
interna! flaws make reliable analysis of the results too diffi cult. It was decided therefore 
to use nine selected materials of known strength, and as free as possible from flaws and 
impurities. In testing these materials unto all crusher variables, the wear and the 
variables of the product were recorded. It was found that capacity was not directly 
prq[>ortional to throw as implied in Gieseking’s formula. Cf. Shergold, 1954, who found 
that no reasonab^ proportion of sizes below i in. could be obtained from seven types 
of rode whatever the setting of the jaw granulator. [P] 

886. The Prepaiatioii of Ceramk Raw Materials. VEL Avenhaus, W. Ziegelindustrie, 
1950, 3, 388; 1951, 4, 941. Jaw mishers and edge-runners are discussed. Mechanical 
cdculaticms are given and a table indicates the size, power consumption, weight, 
output ai^ crushing ratio of seven crusher sizes for crushing limestones. 3 figs, 1 table. 

887. Me^ for Reduch^ Bul^iiig ci Cni^to Jaw Face Pktes. Baker, R. V. U.S. 
Pat* 2609154, 1949/52. A diamond pattern on the crushing face of jaw crushers is 
daimed to reduce bulging and distortion. 

888. Some Resdts Research W«k mi Jaw Crushers. Baumann, V. A, Mech. 

Constr*, (Mekhan, Strait^, 1954,11 (7), 21—8. A translation may be consulted 

at D.S.1.]^, Ref. Records Section, 2^88. An account is given of the research carried 

cm Mn^e-tc^gie jaw crushers for the study of the fragmentation of stone in the 
emsh^, the optimum angle of grab for crushing highly resistant stones, the minimum 
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extent of movement of the moving jaw, the maximum load on the crushing plate, the 
distribution of load and the optimum kinematics of the crusher. It was found possible 
to study these factors by measuring the nature and amount of stresses affecting a 
fixed crushing plate as a function of the movement of the swing jaw. Various sizes of 
crusher were used, up to 600 x 900 mm. Hydraulic capsules were fitted to the fixed jaw, 
the electrical system is described, resulting oscillograms presented, the geometric 
characteristics relevant to the research illustrated and results tabulated. It was found 
that when crushing hardstone in modem swing jaw crushers, frequent breakages 
occurred, productivity was low and too much fines produced. The experimental work 
which has extended over a number of years, has enabled these defects to be overcome. 
The crushing effort as found in the present experiments did not agree with computed 
effort. A formula is suggested, however, which may be of practical value for designing 
complex swinging jaw stone crushers. The Levenson formula for efficiency is more 
closely defined. The causes of variation in efficiency are analysed and a maximum angle 
of grab of 20° is recommended. 15 figs, 5 tables. See ibid.^ 1950, 7 (9). 

889. Working CoDditi<Mis and Pow^ Consiimptioii of Jaw Crushers, Particiilarly for 
Large Aggregates. Bonwetsch, A. Mitteilung des Forschungs-institut fur Maschinen- 
wesen beim Baubetrieb (5), 1933, Verein Deutsche Ingenieur Verlag, Berlin. An investiga¬ 
tion of the power requirements of 23 jaw crushers. The main conclusions were: (1) The 
drive on primary crushers should be by two motors of relative power 2:2, the larger 
one for the starting load. (2) The power required bears a constant relation to the area 
of feed opening, and the energy consumed depends on the volume of rock crushed. 
Tables are given for these. Abstracted by Shergold, Road Research Laboratory, 
D.S.I.R., and reprinted from Quarry Mgrs* 1947, 30 (10), 586-97. [P] 

890. OperatiiHial Characteristics and Stresses in Jaw Cmsh^ with Particular 
Reference to Large Cru^bers. Bonwetsch, A. Quarry Mgrs* 1947, 30, 586. The 
monograph comprises a theoretical discussion of the distribution of forces and stresses 
in crushers, together with associated experimental work carried out mainly on large 
double-toggle jaw crushers. The work includes direct measurements of starting torque 
wattmeter readings of power consumption and measurements (with a condenser 
gauge and oscillograph) of the variation of forces occurring in the pitman during 
crushing. It is divided into the following principal sections: classification; theoretical 
considerations; the starting process with primary crushers; operational characteristics 
of primary crushers, secondary crushers and granulators; the effect of operating 
conditions and rock type on power requiren^nts; energy consumption; frictional 
characteristics; forces in the pitman; and protection against overload. The article 
referred to is itself an abstract of 35 000-word origiBal. The main conclusions of the 
author with reg^d to frictional losses, and stress distribution, together with the effect 
of operating conditions on power requirements and energy consumption are included. 

DP] 

891. The Jaw-Cni^iCT as a Primary Breaks*. Buchanan, C. G. Rock Prod,, 1923, 
26 (5), 75. Among general advantages of the jaw crusher may be mentioned: (1) it is 
accessible in every part; (2) all moving or wearing parts can be adjusted or replaced 
quickly if necessary; (3) it has a greater range of adjustment than the roll or gyratory 
crusher; (4) the openings of the jaws can be increased or diminished. 

892. Combination and Grinder. Clarke, V. E, U,S, Pat, 2318290, 1940. 

In a jaw crusher with low pivot (Dodge type) the linings of both jaws are extended to 
curve around the pivot, forming a space where the material is groxmd after crushing. 
The object is for the mill to receive relatively large lumps of coal and to reduce them to 
any desired degree of fineness in one operation. 

893. Jaw Cruller with Impact Acticm. Edwards, F. H. Mine & Quarry Engng, 1945, 
10, 152. A jaw-type crusher consists of an anvil pivoted on a stationary shaft and held 
up to its work by back-screws which can be adjusted to regulate the crusher opening. 



192 CRUSHING AND GRINDING 

The hajnmer block is suspended by two links hanging from cross spindles in the frame, 
and the tail of the hammer block is connected to one end of a pair of toggle levers, 
anchoied to the frame, and driven by an eccentric cam. The short and uniform throw 
of the hammer is daiined to secure fine control of the finished product and to reduce 
power consumption to a minimum. See also Edwards, F. H., Rock Prod,y 1944,47, 80. 

894. Ob the Sur&ce Foth of the Cru^iii^ Pktes of Jaw Cruisers. Ermolaev, P, B. 
Meek. Comtr., Moscow (Mekhan. Stroiu\ 1955 (3), 20-4; translation available at 
D.S.LR.; ref. C.T.S. 144, price 85 . (W. net. 

895. A Refkw tsi Certain Unit Processes in the Rednctiim of Materials. Farrant, 
J, C. Trans. Instn chem. Engrs, Land., 1940,18, 56. The design of jaw crushers should 
be such that the major wear is above the point of discharge, and the rate of fall of the 
particles is sufilciently low to ensure that they shall be nipped at least once while the 
jaws are in the closed‘position. 

896. PcrfonBance of Jaw Cm^bers. Gauldde, K. Engineering^ Lond.^ Oct. 1953, 
176 (4576/7), 456-8, 485-6. A theoretical investi^tion into the effects on quantity 
and quality of output of the shape, disposition, dimensions and speed of the crusher 
jaws, and of the mean densities of the material passing down. Expressions are derived 
from geometrical analysis of the movement of the material and for calculation of out¬ 
put. It is shown how output may be reduced by excessive speed and increased by an 
ai^rqpriate length of the parallel output zone, and how the necessity or otherwise of 
controlled feed can be deduced. [P] 

897. Jaw Ousiier Capacities (IKhke Type). Giesking, D. H. Trans. Amer. Inst. min. 
(metalL) En^s, 1949, 184, 239-46; 1950, 187, 568. Recording instruments were con¬ 
nected with crushers and data were obtained that led to the induction of the following 
equation: C^f.d.w.y.t.n.a.r, where Cis capadty in short ton/h; / is the feed factor 
and is dependent on the presence of fines in the feed and the surface character of the 
jaw pktes used; is the bulk density of the product (Ib/cu. ft); w is the width (in.) 
of the aushing chamber; y is open side setting of the crusher (in.); t is the length (in.) 
of stroke at the lower tip of the swing jaw plate; n is the crushing strokes per mm ; 
u is the nip angle factor, it is unity for 26® and 3% greater for each degree less; and r is 
the xealizatiem factor. Values of/are tabulated and values of r are given in graphical 
form. The equation is also applicable to singje-tog^e jaw crushers. 8 figs. i^See Ahlmann, 
wIm) found that output is not proportional to throw.) pP] 

898. Jaw CiBsto Capacities, Blake and Sin^e-Tc^e or Overhead Excentric Types. 
GiESKpiG, D. H. Min. Engng^ N.Y., 1951, 3 (11), 971-4. The paper is an analysis of 
capaci^ diaracteristics of jaw crushers, and no other features are dealt with. The 
analysis is illustrated by force diagrams and jaw design diagrams and tabulated data 
on the effert of feed ch^cteristics on output. In the Blake type crusher, capacity did 

vary with crushability of feed, but with singje-tog^e crusher a trend to a relation¬ 
ship was observed. A capacity equation is given for the two types of crusher. [P] 

899. Sdectii^ a Crasto*. Gorman, W. Min. Congr. Wash., 1940,26, 68 ; Ceramic 
Abstr., 1940,^19, 195. Jaw cn^hers are usually used as primary crushers as they have 
a larger receiving openly for the same cai^city. With a coarse feed, a straight jaw 
I^te should be med; with only a little coarse feed, non-choking surfaces should be 
i^ed; they wear more uniformly. The Blake type jaw crusher has a larger capacity and 

leverage on the largest rock. The Dodge type is the reverse of this, but pro- 
duo^ a roofe uniformly si 2 ed product. The singje toggle produces a downward thrust 
on the material and has a large caj)acity. 

900. Op«atH« Cost wMi Wdded-Base Jaw Crush«s. 
R. W. and Eckley, W. A. Concrete, N.Y. fCement Mill Ed.), 1943 51 171-3 • 

Cenaracdfcjfr., 1943,22,158. /. . . 

901. aai F^^^iortatioD d Rocks. H. InfitaoKe of Chidiw Sfroke on die 
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Particle Size of Materials. Joisel, A. Ann. Inst. Bdtim. (New Series), 1948, 51/56, 
No. 52 (with sununary in English); Muck Shift, publ. Whs, 1949, 7 (5), 191. From this 
study, undertaken to clarify some of ths results obtained previously, it is concluded that 
the crusher stroke (and the effect on reduction of two cylinder crusli^rs) has an important 
bearing on the particle si 2 e of the product. Exaggerated enlargement of the stroke 
produces a considerably hi^r percentage of fines and an increase in compressive 
stress; this results in greater damage to the surface of the crusher jaws. It is therefore 
advisable to avoid setting the crusher jaws too far apart to obviate w^teful operation 
and undue maintenance costs. 

902. Crusteig and Fragmentatkm of Rocks, m. The Infitaence of the Teefli of the 
Cru^rs. Joisel, A. Ann. Inst. Bdtim. (New Series). 1950, No. 122; Abstract in Build. 
Sci. Abstr., 1950, 23 (3), 296. It is customary for the jaws of crushers to be toothed, 
althou^ the teeth wear down rather rapidly so that the crushing surface becoi^s 
uneven. The effect of the teeth and of their subsequent wear on the shape and grading 
of the crushed product and on the efficiency of the crusher is investigated by rnea^ of 
an experimental study using gneiss as the material for crushing- The results indicate 
that the toothed jaws of crushers do not really improve either the size or the shape of 
the product, and that such crushers require as much power as those with plain jaws, 
whilst their output is only slightly greater (not more than 10%). Moreover, the wear 
on crushers, whose teeth are inclined to the direction of pressure, is very considerabte 
and more rapid than on plain crushers. That teeth are unnecessary on crushers is 
shown by the fact that the grading and shape of the material crushed in g 5 Tatory 
crushers without teeth are identical with the grading and shape of similar products 
from toothed crushers, other experimental conditions being ffie same. (See Anon., 
Pierres et Min., 1934, 6 (61/62), 959-70. Worn teeth should be replaced to achieve a 
cubic product.) 

903. Design of a New Jaw Cnister Avoids Toggles. Kosier, J. Engng Min. 1934, 
135 (12), 580. Describes double-jaw crusher of Blake type, with spring-mounted 
stationary jaw as a protection against tramp steel, crushing jaws shaped to equalize 
crushing from feed end to discharge, large capacity, and uniform product. 

904 Physics of the Crumbing Process and Mechanics of Jaw Crushers. Levenson, 

L. B. Mech. Constr., Moscow (Mekhan. Strait.), 1954,11 (1), 27-31. A critical review is 
presented and the recent hypothesis of T. I. Mukha is discussed. 

905- Improvemarts in Jaw Crushes. Linker, G. Brit. Pat., 673912, 1952. A jaw 
crusher has two pivoted crushing jaws, kept oscillating about their pivots by rotating 
wheels joimalled on the free ends of the jaws, both with unbalanced weights, one bemg 
displaced 180° in phase relative to the other. 

906. Parallel Jaw Cru^r with Lahrkatii^ Means wifliin tlte Jaw. MEpmARDT, 

M. E* U.S. Pat. 2505132, 1950. An improvement in the technique of lubrication is 

described. 

907. Selecting tiie Cmshar. Michaelson, S. B. Btgng Min. J., 1940,141,41; Ceramic 
Abstr., 1941,20,99. A general account of the factors which govern the performance of 
jaw crushers. 

908 Steels for Refractory and Heavy Clay Industries. Miles, G. W. and Ketth, 
W. B. Allen News, 1954,33 (379), 1-4; (380), 28-30. Austenitic steel has long b^n 
used for the manufacture of jaw crushers and other heavy-duty briers. A table 
presents the behaviour of several steels when used for jaw crusher service. [P] 

909. Cwnparative LabOTatory Te^ wMi Jaw Crushers. Mortseell, S. Jernkontor. 
Ann., 1951, 135 (9), 529-52. A laboratory Dodge-tyi^ crusher and a full-scale Blake- 
type crusher were used. The conclusions are set out in four parts. IP] 

910. AntovestfeationcffCrnsiieis,v?ifliSpecklReferMcetoPartideSIiape.RosaJEiN, 
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D. Quiirry Mgrs" 1947, 30 (4), 207-2Z An abridged translation from the German. 
See under Aggre^tes. 

91L Dry RdSt Beariiigs. Roubal, A. J. Machine Design, June 1953, 25, 131-3. For 
heavy duty toggle medhanisms, these provide long life and require no lubrication. 
The action of the bearing is described (rolling instead of sliding contact) and well 
illustrated. 

912. A DoMe Action Cmdier. Ruhl, H. Z. Erzbergb. MetalMttenw., 1955, 8 (4), 
192-3. A new crusher with two moving jaws and a vertical gap is described and 
illustrated by diagrams. The jaw surfaces are plane except for the exit curves. The 
lower parts of the jaws are opened and closed by rapidly revolving eccentrics. Rapid 
delivery is attained. A jaw opening of 150 mm will take a 120-mm size feed. The output 
can be varied from 15 mm to 2 min in open circuit and down to 2 mm in closed circuit. 

913. Jaw Crushing with Side Thrust Ahstnhing Bearings. Rumpel, H. H. U,S. Fat. 
2598942, 1952. The crusher has a fixed jaw; there is a thrust bearing between the 
toggle link and the eccentric that operates it. 

914. Priiic|[te of CommiiHitkm. 1. Size Distribution and Surface Calculations. 
Schumann, R. Tech. Fubl Amer. Inst. Min. Engrs., No. 1189, 1940. Logarithmic 
Probability method of plotting size distribution. Application to product of jaw 
crushing test, where a 6*7-kg sample of 1-li-in. quartz thoroughly cleaned from 
dust was crushed in a laboratory jaw crusher set at | in., water being used all the time. 
The relation of measured distribution and surface to the previous formulae is discussed, 
and it is thought from the results that the small proportion of the product below about 
3 microns (0*13%) may conceivably account for most of the surface. Results are pre¬ 
sented graphically. 11 pp., 13 refs. 

915. Jaw Crusher. Shelton, H. J. U.S. Fat. 2566583, 1951, A jaw crusher with one 
fixed jaw, the position of the movable jaw being adjusted by shims between it and 
the back suppoit. 

916. Resesurrii on Jaw Granulators. Shergold, F. A. (Road Research Laboratory, 
D.S,LR.). Bk//. Ass. int. Route, 1954, No. 138. Seven types of rock were investigated. 
Of the Inferred sizes for road dressing, i and i in. 40% of l-iin. size could be 
obtained, Ixit only about 11% of each of the sizes i-f in. and |-i in.; and the pro- 
pordons of these lower sizes could not be substantially increased whatever the jaw 
setting. Curves show that the major size component of each crushing lay between the 
open and dosed jaw settings. [PJ 

917. Jaw Ciu^. Traylor, S. W. Jr. U.S. Fat. 2591639, 1952. Describes a 
means wh^by the moment of the crushing force exerted upon the fixed jaw by the 
movable jaw is greater than the force moment exerted by the movable jaw drive means 
abcmt the fixed jaw pivot. 

JAW CRUSHER WITH FLOATING MEMBER 

918. Jaw Crasiier. Bar^ H. L. and Sellars, G. L. U.S. Fat. 2626759, 1953. The 
crusher consists of two opposed elements with a thir d massive element oscillating 
between thran. 

GYRATORY CRUSHERS 

919. How to Setect a Gyratory Cnssii^ f<w your Job. Anon. Brick Clay Rec., 1952,. 
121 (6), 77-8. Useful hints on gyratory crusher selection are given. A method is 
described for calculating the horsepower requirements from a knowledge of the hard, 
n^ tougju^ and specific gravity of the material and the ratio of product and product 
sue. Graphical representation of performance data. The crushing resistance of the 
feed mu^ be determined by impact tests or otherwise approximated. [P] 



BIBLIOGRAPHY 


195 

920. Dismtegrat(»s for Sa^ars and Firebricks. Anon. Brick PotL Tr. 

1922,30,232. A descriptioa (2 illustrations) of the ‘Lightning Crusher and Pulverizer’. 

921. Forced LabricatkMi of Gyratory Crullers. Anon. Mine & Quarry Ejigng, 
1941, 6, 310. 

922. Stone Cni^rs. Anon. Mine & Quarry Engng, 1942,7 (11), 268. The duty of the 
gyratory cipher is limited and requires more careful selection than that for the jaw 
crusher. It is best used for reducing the oversize pieces in a parcel of material, and 
also for the production of ‘smalls’. The machine must be fed with clean stone or stone 
wherein the amount of dirt and clay is kept down to the lowest practicable figure; the 
product of this machine is more true to si^ than that of the jaw crusher. There are two 
types of gyratoiy crusher; the standard type and the Tow head’ type, the difference in 
the two heights being considerable. They are mostly belt- or bevel-geais, but a later 
type machine is driven without gearing, by a vertical motor coupled direct to the 
vertical shaft. 

923. Plant and Equipment. Mine & Quarry Engage July 1943, 243; Engineer, LQnd,^ 
15 May 1953, 690. Description and illustrations of the Esch-Werke K.G. of Duisberg 
large gyratory crusher, exhibited at the Hanover Fair. 1000 ton/h, dealing with pieces 
of rock 80 x 60 x 40 in. Hei^t 26 ft, diameter 16 ft and driven by a 225-h.p. 1500- 
rev/min motor. Cone gyrates at 125 per min. Bearings are dustproof, the cone does 
not start until lubrication pumps are running, and feeding takes place nearly all 
round the top. The main development is that the crusher can be started with the 
mouth full by means of a heavy load starting gearing. The operation is automatic 
and the machine switches off in case of possible damage. Total wei^t 165 tons. See 
also Moiling, H. A., Progressus, 1953, 5 (E5), 22. 

924. Gyratory Type Cm^i^. Anon. New Equipment Digest, 1948,13 (4), 13; Ceramic 
Abstr,, 1948, 31, 159. The gjratory action of the Kue-Ken Gyracone crusher permits 
crushing by pressure only, without rubbing or sliding. 

925. Study of Crusher Types. Anon. Pierres et Mim, 1934, 6 (61/62), 959-70. A 
comparison of Jaw v. Gyratory Crushers. See under Jaw Crushers. 

926. The Superior Cruriier. Alus Chalmers Manufacturing Co. Min. Engng„ 
N. Y., 1951,190,142. This crusher is announced as having a cast steel spider hub which 
permits raising of the shaft as wear progresses on the manganese steel mantle. Weight 
has been reduced. 

927. ImiM*ovementsReIatiiig to Gyratcwy Crullers, Allis Chalmers Manufacturing 
Co. Brit. Pat. 721014,1953/54. A mechanism is provided so that the feed plate on which 
the feed falls does not change its distance from the feed shaft every time the main shaft 
suffers vertical displacement, such as when freeing tramp iron. 

928. Gyratwy Crusher. Becker, G. D., Allis Chalmers Manufacturing Co. 
U.S. Pat. 2667309,1954. The improvement embodies a means for preventing the rising 
of the inner memW at unusual conditions of crushing. 

929. Bell Shaped Heads airii Concaves for Gyratwy Crushers. Bernhard, R. Min. 
MetalL, N.Y., 1932, 13, 107-8. The principal improvements in the last decade are the 
increase in size of machines and sealing the eccentric mechanism to exclude grit. 
Illustration of the fine reduction gyratory crusher. The head has a greater flair. 

930. Pneumatic Release ftwr Gyratory Crosbars. Bjarme, J. A. U.S. Pat. 2680571, 
1954. Air pressure acting on pistons results in lifting the bowl and so releasing the 
obstruction, which falls. 

931. Unit Operations. Brown, G. G. and Associates. 1950, Wiley and Sons, New 
York. On p. 30 is an illustration of a parallel pinch crusher. An eccentric sleeve on the 
vertical axis gives a pinching action by the cone, the latter being similar to that of a 
gyratory crusher. 
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932. toprOTemei^ ^ Gyratcxy Craters. Burgess, A. F. Briu Pat, 646795, 1947/50, 
A speciai bearing arrangeineiit for a gyratory crusher is described, 

933. A Gtearless, Gyiatwy Oru^ier. Cavanagh, W. J, Rock Prod,, 1923, 26 (5), 97, 
An illustrated account is given of a gyratory crusher, in which the gears are replaced 
by a pulky. 

934. Sdtednig a Cm^. Gorman, W. Min, Congr, Wash., 1940,26, 68; Ceramic 
Abstr,, 1940,19,195. Gyratoiy crushers have a greater capacity for reducing material 
to a given size than jaw crushers of equal receiving openings, 

935. Oat|»at of Gyratoiy Crawlers. Gauldie, K. Engineering, Lond,, 1954,177,557-9. 
Formulae are developed from the characteristics and dimensions of the crusher, for 
calculating output. Graphs are presented showing how output is affected by the settings 
of the gap, by altering the base angle of the cone and by frictional characteristics of the 
material. Optimum speeds and cone angles are indicated. The mathematical treatment 
is bas^ on the assumption of similarity of the gap to a large number of triangular jaw 
crushers. An example illustrates the application of the equations derived. [P] 

936. Gyratory Cradber TrodWe, Hess, J. B. Engng Min. J., 1942,143 (9), 67; Mine & 
Quarry Engng, 1943, R, 48. An account is given of trouble that developed, after 8 years’ 
satisfactory service, in a gyratoiy crusher capable of crushing 24—30 tons of one-man 
stone per hour, working about 3000 hours a year. About 8 years ago, the eccentric 
fro 2 e to its cast-iron bushing, shared off 4 zinc keys and rotated the entire bushing, 
thus wearing a very irregular surface in the main body of the foundation casting. 
The means of avoiding the fault are described. 

937. lavestigatiOiis Mo the Product of Cru^bii^ Maclmies. Kolb, H. TonindustrZtg, 
1936,60 (6), 61-3; (9), 112-14. Performance data for a gyratory machine are presented 
in a series of eleven curves for the crushing of rock for cement manufacture, showing 
the influence of the various governing factors. IF] 

938. Gyratory Cnislier. Kueneman, J. R. and D. Brif. Pat. 647793, 1950. Improved 
design of the moving parts as well as an effective dustshield for the bearings; and 
inQ)roved luMcation are claimed. 

939. Test on a Gyratory Crusiier. Mamuxan, M. M. Ann. Inst. Bdtim., 1953, (72), 
1135-56. A translation may be consulted at D.S.I.R.; Ref., Records Section, 21588. 
The tots performed on a gyratoiy crusher lead to fb& following conclusions: (1) A 
diminution of the rotating velocity below the theoretical optimum velocity entails 
(a) an increase of power per ton product, (b) a decrease of output, (c) an increase of 
flues and flat particles. (2) If the reduction ratio is increased, (a) the fines and power 
consumed increase, (b) the shape of the fragments is improved, (c) the output is reduced. 
(3) The piocess of presieving the feed entails the following changes: (a) the percentage 

fines is reduced, the product obtained is more selective, (c) the output increases, 
(d) power required is decreased. (4) If rock resistance increases and other conditions 
OTuain constant, (a) the shape of product is less cubical, (b) the size of product is 
larger, (c) the fin^ are decreased, fragmentation is [more selective, (d) output and 
energy per ton inaease. 

The mode of action of the gyratory crusher is described and illustrated. The 
mechanism of descent of product throng the crusher is analysed graphically and 
algebraically. Geometrical characteristics of the product are defined.* The results of 
tests with soft limestone, silioeous limestone, lithographic limestone and granite are 
Tuesented in four main tal^ and 30 graphs. [P] 

940. Relathig to Gyratoy Morgardhammars, Mekaniska 

WeucsTADS, Akhebolag, Sweden. &it. Fat, 720942, 1952/54. The improvement 
concents the dispiadng of the upper bearing of the ousher shaf t. 

94L Electrical Co^rc^ of Gyratory Cn^bers, Patterson, W. H. and Gerg, R. 
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Fit & Quarry^ 1953, 45 (12), 70-3. Fluctuations in electrical load for gyratoiy and jaw 
crushers are compared: the flywheel reduces overload in jaw crusher. Steps for eflicient 
operation and auxiliary equipment for overload protection are discussed. 7 figs. [P] 

942. Gyratory Crushers as Primary Breakers. Roberts, W. J. Rock Frod,^ 1923, 
26 (5), 77. The advantages of gyratory crushers over other types are pointed out. 

943. A New Type of G^rotory Crusher. Rumpel, H. H. U.S, Fat. 2590795, 1952. 
Specifies an improved bearing assembly, improved drive and improved mounting. 

944. Adjustm^t Structure f<Mr C(Micaves of Gyratory Cru^tars. Rumpel, H. H. US. 
Fat. 2668015, 1954. The invention is the provision of a simple dependable mechanism 
for eflecting relative adjustment of the fixed and gyrating members. 

945. Primary Crushing. Progress Reirt. No. 1. Sheppard, M. and Witherow, C. M. 
Rep. Invest. U.S. Bur. Min., No. 3377, 1938. 11 pp. An investigation into tbe relation¬ 
ship between size gradation of feed and product when crushir^ limestone in a gyratory 
and a single roll crusher. Results are embodied in 14 graphs and 6 tables. A long 
summary of results is appended. [P] 

GYRATORY CRUSHER WITH FLOATING MEMBER 

946. GyrattRy Cmsh^ Having a Floating Rhsg. Traylor, S. W. Jr. U.S. Fat. 
2498774, 1950. A plurality of crushing spaces is provided, and undue coddng of the 
ring is prevented. It is claimed that choking is prevented by suitable shaping of 
ring. 

GYRATORY CRUSHER WITH DOUBLE ROTOR 

947. Gyratory Crusher. Spohn, J. H. U.S. Fat. 2188666, 1937. A vertical shaft 
rotates and its upper end gyrates. A double (upri^t and inverted) bowl cooperates 
with a pestle and an attrition rotor respectively. The rotor gyrates in the upper bowl, 
the crushed material drops through the base opening to the attrition rotor which bears 
on the spherical surface of the lower (inverted bowl). The object is to facilitate fine 
grinding operations. The drive is by wheel attached to the upper outer end of the 
vertical sh^t. 

CONE CRUSHERS 

948. Exi^oitatKHi ci Low Grade Ores in UJS.A. O.E.E.C. Technical Assistance 
Mission, No. 228, 1954. O.E.E.C., Paris. Obtainable from H.M. Stationery OflBoe, 
Chap. IV, Hydrocone Crusher. For the secondary and third crushing stage, the rela¬ 
tively new hydrocone crusher is beginning to compete with the Symons cone crushers, 
although the larger plants still seem to prefer the latter type. Usually the crushing is 
done in open circuit even in the final stage. The hydrocone cru^r is provided with a 
hydraulic instead of a spring release mechanisnu 

949. Symmis Crusli^ in tbe Cmunic Industry and tbe Universal Grinding Pkmt 
Kirchhoff. Ber. dtsch. keram. Ges., 1941, 22, 135; Ceramic Ahstr., 1941, 20, 222. 
The Symons conical crusher was applied to ceramic materials and, after modification 
an output of 20% of particles under 5 mm was obtained. The product of the Symons 
granulator, as it is called, is splintery with sharp angles, which is a great advantage in 
the ceramic industry, 

950. Gyrat<Hy Crasher (Hydroome Cro^i^). McGrew, B. RockFrod., 1950,53 (12), 
129. This is a fine reduction crusher whose plates are convex. It approaches the cone 
crusher in action. It rates with the Newhouse crusher of somewhat similar design as a 
hi^-speed crusher. 

951. SynuRK Cnud^r. Mtitag, C. Ber. dtsch. keram. Ges., 1941,22,130-5; Ceramic 
Abstr.y 1941, 20, 222. For 30 years Symons Bros, worked on the improvement of the 
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circular crusher, but not until 1928, with the Symons crusher, did they follow any 
fundamentally new idea. Observing that when stone is broken by blows of a hammer the 
product is more uniform than when broken by pressure, Symons Bros, designed their 
crusher so that the pieces of stone are subjected to repeated blows but cannot fall from 
the crusher until they have attained the desired size. 

952. New Symons Cone Crushers. Nordberg Manufacturing Co. (Milwaukee). 
Mine &. Quarry Engng^ 1941, 6, 197. A new two-foot short head crusher has been 
developed for a limited output demand. The same iineness Q in.) of output as for larger 
crushers is claimed, and the design is similar. Table of performance data is given. 

953. Improvemenfs Relating to Crushers and the Like. Nordberg Manufacturing 
Co. (Milwaukee). Brit. Fat. 720528, 1952/54. A feed plate is mounted at the top of 
the gyrating member (the lower member) and by revolving at a speed dUTerent jfrom 
that of the eccentric, it distributes the coarse and fine feed evenly to the crusher gap,, 
and so avoids the segregation which normally occurs. 

954. Des^n Development of Crushing Cavities. Zoerb, H. M. Min. Engng, N.Y.^ 
1953,5 (6), 603-5; Rock Prod., 1953, 56 (10), 101-4. The paper traces the development 
of the crushing cavity design in Symons cone crushers to attain maximum liner 
utilization. Wear rates are analysed and compared, and design changes are illustrated 
by drawings. Metal thickness is placed where most work is done. The wear of the 
liners had the effect of lengthening the cavity. Design changes led also to economies in 
power and maintenance. Diagrams of various profiles are presented. Much more 
investigation is needed. 

955. Cn^ung MMganese Ores wifli Cone Type Crushers. Zubarev, S. N. and. 
Dzhinchelaskivi, K. P. Min. J. Spb. (flornyi Zhurnal), 1950 (2), 38-9 Performance- 
results are summarized in six tables. [P] 


GYRASPHERE 

956. Rock Cru^ Perfomiaiice. Anon. Chem. and Process Engng, 1953, 34 (10),. 
^1-2. The Gyrasphere works on the principle of an inverted pestle and mortarl 
^re IS a large feed opening and the design permits unobstructed and unlimited feed. 
A future is the resistance to liner wear, even when crushing very abrasive materials 
to this Pegson gyrasphere, the concave and mantle have been replaced only after the 
rediK:tion of 17 000 tons of aggregate in 18 months. Fines have been reduced by 50y 
over previous equipment. Sizes are 24, 36 and 48 in. 


MISCELLANEOUS BREAKERS 

Cone im Engng Min. J., 1953 (9), 54. A grinding miU consisting of a 
fluted vertral cone with coarse teeth at the top and fine teeth at the lower part. The top 
opens for cleaning. Capacities one to 30 ton/h. 

I Seaman, C. J., Brinjes & Goodwin, 

constructed with two truncated conical 
independently driven. The members may be 
ade by side or <me insicte the other. The material emerges at the large ends of the cones- 
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STAMP MILLS 

959. De Re Metallica. Agricola (Georgius). 1950, Dover Publications, New York. 
€38 pp. Includes descriptions with wood-cuts of stamp mills, their operation and uses; 
powered by waterwheels and by draft animals. 

960. Investigations in Ore Milling to Ascertain the Heat Developed in Cm^iii]^ (in 
Stamp Mills). Cook, J. Trans, Instn Min. Meiall., Lond.^ 1914-15, 24, 234-51. See No. 
49. 

961. Mechanical Efficiency in Cnishli^. Del Mar, A. Engng Min. X, 1912, 94, 
1129-34. S-ee No. 54. 

962. Tube Milling (Ball and Pebble h^fills). Del Mar, A. McGraw-Hill Book Co., 
New York, 1917. 145 pp. A treatise on the practical application of the tube mill to 
metallurgical problems. A series of flow sheets is given for stamp mill operation with 
and without tube mills to follow. The stamp mill is still with us for amalgamating and 
for a medium-size product, and in combination with the cylindrical tube mill, for 
cyanide treatment of a slime. Second is the popularity of the conical mill for a product 
up to 90 mesh, in competition with a tube mill of large diameter and short length, in 
circuit with a classifier. Third is the deserved popularity of the cylindrical tube mill 
with varying diameter and length according to the size of feed. [P] 

963. Zerkleinerungs Vorricfatung und Mahlanlagung. (Grinding Equipment and 
Installation.) Naske, C. 1921, Verlag, Otto Spamer, Leipzig. 330 pp., 415 figs. Contains 
a chapter on stamp mills. 

964. The First Stamp Mills in English Hist^. Shubert, H. R. J, Iron St. Inst., 
Nov. 1947, 157, 343-4. The vertical stamp mill working in a mortar dates back to 
A.D. 15(X) and is one of the oldest types. They were first introduced into England from 
Germany where skill in mining had reached a very hi^ standard. Illustrations, 11 
historical references. 

965. Gold Metaflurgy in the Witwateraand. Snxr, D. D. 1949, Transv^l Chamber 
of Mines, Johannesburg. Chap. 2, pp. 39-55, Stamp Milling. Includes illustratio^, 
drawings of mill and components, tables of dimensions and a table of comparative 
performance of stamp mills at different mines. [P] 

966. A Text-book of Ore Dressiiig. Truscott, S. J. 1923, Macmillan & Co., Ltd., 
London. In chapter three is given an illustrated description of various types of stamp 
mill. 

967. Stamp Mills. Wagoner, L. Trans. Tech. Soc. Pacific Coast, 1886, 3, p. 45. 
Discusses power used in crushing with stamps and the Tustin Mill, with data on surface 
area of the products of both mills. [P] 

cascade type mills 

968. Exploitation of Low Grade Ores in U.SjV. O.E.E.C. Technical Assistance 
Mission, No. 228, 1954. O.E.E.C., Paris. Obtainable from H.M. Stotionery OfiSce. 
Chapter IV. A growing interest in cascade tyi)e mills has been notic^. It is a dry 
combined crushing-grinding unit operating in closed circuit with an air classification 
system and capable of taking — 18-in- material and reducing it to —325 n^sh in a 
single operation, or else capable of producing a product in the 10-mesh range. The 
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material itself may be used as the crushing medium or else metal balls can be used. 
As there is only one unit, capital costs and floor space are low per ton of product. 
Maintenance cost is low when compared with that of other crushers and grinders, 
and efficiency is high. It is claimed that the aerofall mill gives a more uniform grind 
with kss oversize, and lower slime than other equipment. Quotes Trans. Canad. Min. 
Inst. (Inst. Min. Metall.% 53, 1950, 445-51. 

969. Classificatioii in Witwatersrand Mills. Bates, B. R. Trans. Amer. Inst. min. 
irmtaky Engrs, 1926, 73. Classification in milling operations at South African Mines. 
The author’s work confirms the advantage of preliminary crushing in a cascade mill. 

970. Aerofell Mfli Finds Increasing Application. Beals, R. A. Min. Engng^ N.Y.y 
1955, 7 (9), 842-5. Tl]^ materials for which the Aerofall mill is now being applied are 
tabulated with typical performance data. The 17-ft diameter mill is illustrated together 
with plant layout for recovery of oversize. It is claimed that the mill can reduce iim 
of mine gold ore, for instance, to the final size for the cyanide plant, thus eliminating 
primary and secondary crushers and grinders. The history beginning at 1930 is briefly 
described. Material containing 4% moisture can be successfully reduced. [P] 

971. A Review of Certain Unit Processes in tte Reduction of Materials. Farrant, 
J. C. Trans. Instn Chem. Engrs, Lond.y 1940,18, 56. Included in a general discussion on 
reduction equipment is a brfef d^cription of a cascade mill . Th^ mill consists of a 
built-up wheel approximately 30 ft diameter. Around the periphery there are buckets 
which carry the coarse znineral to a point where the buckets empty and shower the 
contents on to rigid breaker bars, this impact shattering the falling pieces. The wheel 
is partially submerged in water which carries away the finished product; the coarser 
fractions are carried round by the buckets together with the incoming feed. The feature 
of the unit is the large irange of reduction, from lO-io. lumps to 60 mesh in one operation. 

972. A Report on the AenMl MilL Fleck, R. G. and Durocher, R. E. 

Min. Congr. Wash.y 1955, 41 (12), 52-4. Improved performance and recovery 
comparison with those of the rod mill with martite (a mixture of haematite and magne¬ 
tite). The product at -10 mesh is transferred to a series of Humphrey spirals. The feed 
to the Aerofall mill is from a 54-in. gyratory crusher set at 8 in., the proportion of 
coarse to fine feed to the mill not being critical. Diagram and flow sheet for the 17-ft 
mill is shown. IP] 

973. The Hadsel M3L Hall, R. G. Trans. Amer. Inst. min. {metall.) Engrs, 1935, 
112,15-24. The wheel is 24 ft in diameter and by flints lifts the rock imtil it falls on 
to hard metal plates disposed near the bottom of the interior. About a 90® arc was 
immersed in a tank. Hie lifting flights were as wide as the wheel (3 ft), and were 
2 ft deep. The material overflowed into the tank and was carried away to be classified. 
The rock was lifted 259 tinws before being finally ground, and the daily capacity was 
250 tom. A table embodying the dimensions, etc., of 16 sizes of Hardinge-Hadsel 
mill are given. The principle has been demonstrated as sound. Ordinary run of mine 
ore can be reduced to flotation or cyaniding size in one oiieration with dosed circuit 
and classifier. The advantages are: (1) simplicity, (2) saving in cost, (3) saving in power 
with improvement in load factor, (4) saving in wear. The Hadsel mill was regarded as 
a forward step. Tables of data are given. 

974. Makh^ Rock Gmd Itself. Hardinge, H. Engng Min. J., 1955, 156 (Q, 84-90. 
The advanta^ of autogenous grinding are described and a history of self-grinding 
mills i^esented. The 1934 Hardinge-Hadsel mill 24 ft diameter is illustrated and its 
capabilities described. The segregation of size which occurred in this mill has been 
ovMcome in the modem Hardinge Cascade mill by use of flat cone-shaped ends, 
wfaik the frequent Mlure to shatter a particular ^critical’ size on the breaker plates is 
overcome by the use of a small quantity of balls of appropriate size in the crusher. 
It remains for the courageoiB operator to avoid a repetition of errors made in the past. 
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975. Application of Air to A^)estos Mflling at the New Je€Sry MSI of tiie Canadian 

Jdms-MansvSk Co., Ltd., Asbestos, <^bec. Rosovsky, H. Trans. Canad. Min. Inst. 
(Inst. Min. MetalL), 1955,58, A gravity impact mill is used. See under Asbestos. 

976. Tbe AerofaU MSI in tiie MOlfng of Indiistrial Materials. Wjeston, D. Trans. 
Canad. Min. Inst. (Inst. Min. MetalL), 1950, 53, 445-51, A tumbling mill is desaribed 
in which larger rock is fed to cause its own comminution and sometimes with balls 
5-2i in. diameter at about 2^% by volume. An advance in one stage yiel<fe is claimed. 
A fine product, —325 mesh, is fonned with the coarse material. The author believes 
that size reduction occurs in zones. 

977. Material Reduction MilL Weston, D. U.S. Pat. 2555171; 1951; Off. Gaz. 
U.S. Pat. Off., 1951, 646 (5), 1662. A mill, capable of reducing run-of-mine size feed 
material to a comparatively fine state in a sin^e stage, is described. The drum is very 
short compared to its diameter, and is provided with ‘squirrel cage’ bars to prevent 
slippage. Crushing is by impact of the particks on themselves or by attrition. An air 
current carries out fines for further classification. 

978. Drum (Tumbling) Milb. Weston, D. French Pat., 1053784, 1950/54; Brit. Fat. 
632532,1947. The diameter of the mill is much greater than the length, and segre^tion 
of sizes is avoided by oblique numbers fitted on the end plates of the drum so as to 
direct the falling material to the centre. Like the mill quoted in tbe British Patent, 
flints are fitted to the periphery. 

BALL, PEBBLE AND TUBE MILLS: EQUIPMENT 

979. Mechanics of the CiHnpomid Grinding MilL Anon. Cement and lAme Manuf., 
1945, 18, 23-30, The principle, and design factors (speed, din»nsions, mill and Imll 
charge, power consumption, etc.) of the compound tube clinker mill are discussed in 
detail. 

980. A Multiple BaH MilL Anon. Chem. Age, Land., 20 Aug. 1954, 489. A U.S. 
firm supplies a machine in which four ball mill units are mounted on trunnions attached 
to a cylindrical frame and attached by chain to the stationary central shaft. On rota¬ 
tion, by the motion induced, the balls are kept sliding in contact with each other and 
with the walls. Maximum fineness can be attained with Ti02 by 20 minutes’ grinding. 

981. Grinding and Mixing. Chem. Age, Land., 5 Feb. 1955, 393. A Stoke-on-Trent 
firm make a double duty mill and mixer, one at each end of the shaft. A shaper, 
polisher or dniming adapter can be fitted. 

982. A New Ball MilL Anon. Chem. Age, Land., 3 June 1955, 1428. A Stoke-on- 
Trent firm announce the Mark II mill (10-gallon capacity as against the 10-pint Mark I 
mill). It is capable of grinding and dispersing material such as dyes, carbon black, 
calcined alumina in one-tenth the time taken by the conventional ball mill. The four 
jars are mounted in a container on a vertical ^aft while the jars are rotated in the 
opposite direction, thus giving a high centrifugal force. The machine can be run on full 
production during practically the whole of the working period due to avoiding the 
necessity of cleaning. 

983. Novel Ball MiH De^u. Chem. Engng, 1954, 61 (9), 258. Crusher bars, spaced 
around the interior drum wall, are the novel features of ^e new design. The charge 
consists of 5-in. balls (instead of balls of varying diameter, occupying 3% of total mill 
volume. Total charge occupies 30% instead of 45-50%. Rotational speed is 85% of 
critical. Increased capacity, greater crushing action are claimed. 

984. Preliminary and Fine Grindii^ Edg. Allen News, 1953, 32, 225-7; 1954, 33, 3. 
The Stag Standard Combination Tube Mill is illustrated and described. It Im peri¬ 
pheral screens, grinding and return plates, stepped. Castings of diromium steel. 
Austenitic steel is undesirable because under impact it spreads and distorts tite plate. 
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985. Tube Mffl. Anon. Engineering, Land., 1939, 148, m; Ceramic Abstr.., 1940, 
19, 121. Hie constni^on. of a completely welded steel tube mill for grinding cement 
is described. 

986. Re<feiCtio«i Gears f<w Ball Mills. Anon. Engineering, Lond,, 1 Jari. 1955, 179 
(464), 28-29, Co-axial drive used in cement works. Developed in Sweden some years 
ago, B.T.H. have developed a compact double reduction co-axial gear box for a cement 
bah’ miil’ using double helical gears. The gear box is designed to transmit 1200 h.p, 
with a speed reduction of 750 rev/min to 20*5 rev/min. There is a barrmg motor for 
low speeds for inspection. For flexibiHty there are two specially developed bonded 
rubber couplings, one on each end of the torque shaft, which will accommodate radial 
displacement and axial moven^nt, and also out of alignment deflection on account of 
wear. Illustrations. 

987. Prioress in BaH Mill Design. Anon. Engng & Boil Ho. Rev., 1947, 62 (2), 50-5. 
Comparative ball mill tests to investigate the influence of barrel shape of a pulverizer 
mill upon the mill characteristics have been carried out in Russia by operating a 
cylindrical barrel mill with and without cone ends. 

988. Versatile Jar Mills. Anon, Laboratory, 1953, 22 (5), 152-3. A laboratory 
three-tier jar mill equipment suitable for preparation of bacterial media and sample 
preparation. Details of available varieties and capacities of jars and pebble media are 
given. 

989. Bail Min Drives. Anon. Mine & Quarry Engng, Jxme 1954, 279. A short 
description of the Barvue Mines, Ltd., Barraute, Quebec. Zinc ore ball mills (Hardinge 
Tricone mills), each grinding 1400 tons of ore in 24 hours from i-in. to 60% — 200 
mesh. Each fnlll is powered by a 600-h.p. 1160-rev/min English Electric squirrel cage 
induction motor wilh fluid coupling by Fluidrive Engineering Co., Isleworth, Middlesex. 

990. Redarnimg BaE Mill Tnamiems. Anon. Min. Congr. J., Wash., 1941, 27, 60; 
Ceramic Abstr,, 1941, 20, 242. 

991. From Opm to Qosed Circuit Grindii^ with liquid Cyclones. Anon. Rock Prod., 
1955, 56 (7), 62-6. See urder Open v. Closed Circuit Grinding. 

992. li^provemeiits Rdathig to Ball Mflls. Edgar Allen & Co., Ltd., and Barcham, 
E. F. Brit. Pat. 611885, 1946. Intermittent type ball mill. The sealing plate can be 
operated so that the mill can be emptied without interrupting the rotation, either with 
wet or dry grinding. 

993. N<^ m Control of Feed to Ball Mills. Ball, N. G. Trans. Instn Min. Meiall, 
Lond., 1940-1, 50, 537. 

994. m Crushing Tedmiques. Batel, W. Umschau, 1955, 55 (10), 297-300. 
A ger^ral review of modem improvements concerning impact mills, ball, concentra 
MI and vibrating ball mills. A final note on size distribution and on the equilibrium 
reached on continued fine grinding is given. 

995. Fine Grmdiog in BaS MOis. Beke, B. E^itponyag., 1950, 2 (5/6), 84-8; Hung, 
tech. Abstr., 1951, (3), 14. The use and operation of ball mills in the manufacture of 
Poittod cement are (fcseribed. The method of preparing milling diagrams is shown. 

996. Impromnents Rdatii]^ to Grmdhig and Pulverizing. Brant, E. H. Brit. Pat. 
603036, 1945. An arran^niient of tl^ driving gear so that grinding or pulverizing 
containers of different sizes can be rotated on it. 

997. Mil. Briush Rema Manufacturing Co. and Davis, J. Brit. Pat. 603361, 
1945. A drde of grinding plates is surrounded by a set of screening panels, located in 
a dust casing. A cuirent of air is introduced which deans the screens. 

9^. Bai MOls I^tented Air Separatni^ E^pnieat. British Rema Manufac- 
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TURING Co., Ltd. Publication No. 39, 1954, 11 pp. Descriptions, illustrations and 
drawings. 

999. Equipnent and Design—^Ball Mills. Brown, C. O. Industr, Engng, Chem, 
{Industr,), 1948, 40 (11), 79A. Brief details are given of three new types of ball mill. 
In one the shell is almost 9 ft 7 in. in diameter, with a length of 32 ft; volume is 
2655 ai. ft, of which two-thirds is in the first feed end; the 1 600 000 balls have a rolling 
grinding path of 75-80 ft with each revolution; an output of 2250 bags of cement per 
hour is claimed. Few details are given of another mill for batch grinding which is of 
small size and capacity, and has V-notch lifting bars on the inner shell to raise the travel 
of the balls and guide the end balls to the centre. A new development is a small ball 
mill which vibrates; it is used for batch grinding of pigments, etc. The action is that of 
beating to extend the particle into a thin sheet which is then broken into small pieces; 
this gives a very fine particle size of flake-like character. The principle is to increase the 
‘ number of hammer blows by the balls in unit time. It is suitable for metal powders and 

other malleable materials. 

1000. How to Maintain Milling Eqnlinnent Brown, H, M. Brick Clay Rec,, 1952, 
121 (3), 58. Details are given of the steps and precautions to be taken when installing 
a new mill, both with regard to shell and the ball media. 

1001. Apparatus for Cnishli^ and Separatn^ MateiiaL Buttner Werke, A. G. 
Brit. Fat. 686329, 1949. Air is introduced tangentially into the lower half of a ball mill 
over its whole length and then redirected upwards towards an outlet in the upper half. 
The air inlet is coupled with specially designed lifters. The size of particle can be 
accurately controlled and very small air velocities are sufficient and pressure loss is 
low. The whole is encased in a suitable stationary housing. 

1002. Improveinents Relatii^ to Fulvarizing Apparatus. Campbell, J. G. Brit. Fat. 
665398, 1949. An arrangement for obtaining a more desired distribution of particle 
size. It is a series of ball mills connected axially by sections of a gradually enlarging 
conical tube, which rotates with the ball mills, thus producing a series of independent 
grinding stages, the feed being at the narrower end of the connecting tube, and the ball 
size decreasing progressively. . 

1003. Grinding BaBOas^fication. Its Effect on Capacity and Ban M^ratkm. Carman, 
C. McA Rock Frod.y Jime 1953, 56, 106-9. Discusses the effect on grinding mill 
capacity and ball migration resulting from improved ball classification. The ball size 
distribution along the mill is analysed and presented diagrammatically and graphically, 
and assuming that a gradation of ball size from feed to outlet gives the most eflScient 
performance, a means of attaining this gradation by ball classifying shell liners is 
suggested (the Carman patent) and illustrated. 

1004. Tube MilL Catun, A. W., Bradley Pulveriser Co. U.S. Fat. 1825333, 1931. 
A spiral conveyor is provided on the axis to return partly ground material to any 
desired point of the miU. 

1005. Silica Grinding. Carwood, R. L. Trans. Brit. Ceram. Soc.y 1931, 30, 295. At 
the Potters’ Mining and Milling Co., U,S.A., a new grinding unit has been installed 
to replace the old batch mills, which are described. This new unit consists of a Patterson 
8 X 10-ft. continuous feed and discharge ball mill, lined with Belgian silex, using French 
flint pebbles, and operated in conjimction with a 14-ft centrifugal air separator. 
Labour is about half that of batch mills, and the working conditions are improved by 
complete elimination of dust. [P] 

1006. The Manufticture of Heavy day Products. Coulhon, A. Industr. Cirandque^ 
1948 (387), 133. In this part of the review the main features of ball mills are discussed, 
Ifig. 

1007. Tube Mfflii^ OBaH and PebWe Milfe). Del Mar, A. 1917, McGraw-HID Book 
Co., New York. 145 pp. A treatise on the practical application of the tube mill to 
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metallurgical problems. A series of flow sheets is given for stamp mill operation with 
and without tube tnins to follow. Second in popularity is the conical mill for a product 
up to 90 mesh, in competition with a tube mill of large diameter and short length, in 
circuit with a classifier. Third is the deserved popularity of the cylindrical mill with 
varying diameter and length according to the size of feed. [P] 

1008. The Tdbe Mill in P<w» Stations. Dobreff, L et al Energie u. Tech,, Jan. 
1954, 4, 37-40. Russian literature comparisons such as size of balls, speed of mill, 
ball load, are compared with German data. Russian mechanical loading and other 
e^kncy devices are desoibed. Grades of steel and alternate materials for the ball 
media and lining are discussed. 

1009. Hie WofklBg Princqies of Ball Mills for Grliidiiig. Engels, K. 1954, 8 (3/4), 
102-7. Ihe construcrion, performance and uses of the conventional, vibratory and 
c^trifugal ball mills are described. See under Centrifugal and Vibratory Ball Mills. 

1010. Developments in Fine Grindii^ Glockemeier, G. MetalL u, Erz., 
1922,19, 285. The principle of the tube mill, together with its later development, the 
shorter and wider ball mill, is first describe. This is followed by a discussion of the 
various types of bail mills, including the ball mill with sieve, the overflow ball mill, 
Grondal mill, Hardinge mill, and the Mar(y mill. The article closes with a short 
account of the rod mill, or M^cathon mill, in which the balls are replaced by steel rods. 
There are a number of illustrations. 

ion. Hie of Steel BaSs in a Ban MiIL Gow, A. M. Engng Min, 1934, 

134,203. An optimum of300 Ib/cu. ft steel balls, with 38% voids. Wear is independent 
of size. 

1012. Crndyrng and GiMii^ Hardinge, H. Min. & MetalL, N.Y., 1929, 10, 558; 
Ceranuc Abstr., 1930, 9, 117. Improvements in ball mills, particul^ly with larger 
diameter mills. The drift away from rod mills to longer bil mills for fine grinding. 
Tbe rod mill is stQl doing good work as a coarse grinder. There is also a modem ten¬ 
dency towards finer crushing, where crushers tend to encroach on the function of 
finders. 

1013. Ciwkai Ban MiIL Hardinge Oo, Inc., New York. Bufietins A.H-389-41, 
and 17-B-41. Full details of wet and dry grinding applications. 

1014. Grio^ Madhines. Klar, H. Ber, dtsch. keram. Ges., 1929,10, 285-313. 
Indudes a description of the Hildebrandt ball mill for very fine grinding and a historical 
review of ball mill development. 

1015. HcaizoetalAEisBaBMiQ witiiP^:iqpii 0 ^ Screening and liftuig Bays. Marten, 
J- B. US, Fat, 2560972, 1947. Hie bays, arranged circumferentially, allow additional 
balls to be added and these cascade at a period later than normal. Comminution of 
small quantities takes place within the bays as they move round parrialLy filled with 
balls. 

1016. Improvdaeids RelatiDg to Llnli^ Plates fcwr Drum MQls. Miag Muhlenbau 
G jn.b.H. Bit, Fat, 722191,1951 /55. SIHcour^rlnonieHiLanganese steel has proved very 
eficimt for the l inin g of drum-type mills where shock resistance is important. A ‘T* 
slot on the i n ne r face for fixing bolts avoids fixing holes on the grinding face. 

1017. Bal- and PcWiie-iiiafe. Muxer, J. O. Amer. Ink Mkr., 1949, 27 (1), 23-6, 
55-7. Ball mills ranging from small jars to jfull-sized mills, capacity ^>-4000 ^ are 
described. The operation of such mills is mentioned briefly and a table is given for the 
charge, ^peed, etc,, for mills of various sizes. 

1018. mi. Tdbe Mils. Mhchell Enchneering Co., Ltd., and MacPhee, A. 
^^*F at, 594855,1945/47. A modi&d feeding arrangement vdiich obviates the hollow 
imamm and andbamectean screw and avoids accumidation of material at the entrance 
of the miL A feeding mechanism is ckscribed. 
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1019- Tlie PreTentative MainteiiaDce of Ball Mills. Niool, A. Emmelist, 19^, 27 
(2/3), 28. A somewhat detailed discussion covers most aspects of the subject. The 
most common contributing factors to mechanical depreciation are: misalignment, 
either when installed or subsequently due to bearing wear; incorrect lubrication; 
excessive tension in belt- or chain-driven machines; and overloading. 3 figs. 

1020. Pebble and Ball Mill Grinding. A review. Olson, V. R. Off, Dig, Fed, Paint 
Yarn, Prod, CL, 1944 (237), 340-4. Discusses pebble mills, plain and jacketed, and the 
hi^er grinding eflBiciency and lower costs of steel ball mills. 8 refs, to previous papers 
in the ‘Official Digest’. 

1021. Cradling and Grinding Plant for Operatioa in the Mining Industry. Min, 

25 Feb. 1955,244 (6236), 208-11. The Marcy ball and rod mills in sizes up to 7 x 15 ft, 
made by Pegsons, axe described. 

1022. Design, Cimstnictbn, and Costs of Arc-WeMed Pebide Mills. Pellett, D. L. 
Paper Tr, 1932, 95, T.A.P.P.I. Section, 289-92. Large-scale mills of this type have 
been made to withstand severe load conditions with a wide safety margin. The cost of 
arc-welding is substantially lower than that of other manufacturing methods. 

1023. ImproY^n^its Relating to Jadre^ Revdring Apparatos. Pinchin Johnson, 
Ltd. Brit, Pat. 717092, 1952/54. This concerns the m«ans of connecting the cooling 
water supply to the jacket inlet: see also Pat. 687906. 

1024. How to Opmte a Grinding Circuit. Ramj^y, R. H. Engng Min. April 1945, 
146, 96-9. An article based on practical suggestions of skilled men, designed to help 
beginners. A ball mill and wet classifier is described and a tabular guide is given showing 
symptoms of and remedies for faults in handling. 

1025. Special Types of Cmsh^. Riedig, F. Str,~ u, Tiefb., 1949, 3 (11), 367-8. A 
description is given of the design and operation of a crusher which incorporates 
a ball mill. By varying the size of the balls it is possible to crush the material to any 
size required. Stationary and portable crushers of this type are discussed and illustrated. 

1026. Gear Faflures of Ball, Tube and Rod MOB. Rose, H« E. Engineer, Lond., 

5 April, 1957, 203 (5280), 522-4. The breakdown of the gearing is discussed and it is 
su^ested that failures are due to fatigue arising from surging of the charge in the mtll, 
even though the latter is not manifest by noise or by circuit breaking to protect the 
motor. A criterion for surging is given and it is suggested that if mills were operated 
within the limits set down, the frequency of failures would be reduced and designs 
mi^t be improved. 

1027. Sealing Device for Ball and Rod MIUs. Roubal, A. J., Alus Chalmers, Ltd. 
U,S, Pat. 2706656,1955. Resilient annular rings, or rings in obturator form, are applied 
between the nuts and the outer shell or casing. 

1028. Ban Mill and Vapour Cood&as&c, Shater, L. M. U,S. Pat. 2511742, 1950. 
Equipment is described for maintaining the interior of a ball mill under reduced 
pressure and for condensing any vapour that is extracted. A bellows on the same shaft 
as the mill allows the movement of a reciprocating rod passing through it to clear any 
condensed liquid in the hollow trunnion, while vacuum is maintained, throu^ a 
vacuum pipe at the outer end of the bellows. 

1029. Heavy Ball Mill Proideins. Sherer, W. Zement-Kalk-Gips,, 1954, 

7 (9), 349-56. Theoretical considerations are put forward on the selection of the most 
suitable driving motor, and test data are presented in support. Step-ring motors are 
more easily adapted to requirenc^nts than squirrel cage motors. An auxiliary motor 
is used as a brake instead of a mechanical brake, and a brake system incase of voltage 
failure is described. 

1030. Ban Mfils, Rotary Kite, and like Rotary Af^iaratiis. F. L., and Co. 
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BriL Pat 597756, 1948. Costly end trunnions are eliminated and alternative supports 
are proposed. 

1031. Bstkneed Bail Mill Systan widi Rotary and VilMratory Movements of the Ball 
Mill Units. Smith, E. W., Vibro Dynamic Engineering Inc. U,S. Pat 2693320, 1954. 
A pair of ball mill jars are mounted to rotate and also to vibrate. 

1032. Min Feedmg with Wei^ Feeders. Taubmann, H. Zement-Kalk-Gips., 1953, 
6 (12), 445-9. An automatic feeding device for the tube mill makes allowances for 
variations in hardn^s of the clinker feed. 

1033. Ban Mills. Torrance and Sons, Ltd., Frankun, E. S. Brit, Pat 648165, 
1950. The use of cones instead of ribs for stiffening the end plates of water-jacketed 
ball mills is described. 

1034. Midti^ use of PebUe and Ball Mills. Underwood, E. M. Industr. Engng 
Chem. (Induslr.), 1938, 30, 905-8. An illustrated description of ball and pebble mill 
developments, lypes of action, special processes and materials of construction are 
dealt with. 

1035. Ban, Rod and Tube Mflls. Wardell, J. W. Mine & Quarry Bigng, 1940, 5, 
255, 313. Notes on wet-grinding ball mills, rod mills , and tube mills are given, their 
points of resemblance and diflFerence are pointed out, and their application in ore- 
dressing practice and the factors controlling their operation are discussed. 

1036. RotataUe Drum Mfll with Arumlar End Wall Monbers Each Ha ring fhisto- 
concal DeOectbig Snfiices IhoretMi. Weston, D. U.S. Pat. 2704638, 1955. 

CONCENTRA MILL 

1037. A Sta^ <rf the Particle Size Dfetribittion in a Conccntra type Mill T, 

and Satto, N. J. Jc^. ceram. Ass., 1952,60,99. From a study of grinding rates of 
clinker in relation to its passage through a 5-compartment Concentra type mill, the 
nwst effective conditions of operation are deduced. See under Cement for longer 
abstra^. See also Batel, W., previous section; and under Mittag, C., Crushing and 
Grinding Practice, General lepers. 


BALL MILL, ROTARY, WITH VIBRATION 


1038, New Speed BaH RBEL Oomsidn, E. H. Chem. Engng, 1953, 60 (7) 338' 
^•S. Pat., 2633303. Uns mill wdll operate at 100—1405'^ CTitical speed by Qf 
an interruptor mechanism consisting of weighted arms (4) mounted on pininns, which 
rw^we at higher speeds than the rotated drum and swing the weighted arms. The 
pinions are rotated by a large stationary gear mounted concentrically with the drum. 


1039. and Rotary Ball MilL Robinson, R. S., Vibro Dynamic Engineer- 
iNO Q^., Mass. U.S. Pat. 2613036,1952. The principal object is to raise the critical 

means of a novel mechanical movement. The bearing siqjports are supported 
ra heh^ ^ a horizontal helical spring produces also a transverse vibration 

Ihe olgects of a vibratory mill are attained and a higher critical speed is adiieved. 

1040. Owmbi^Madime. Triggs, W. W., Vibro Dynamic Engineering Corpn 

Pat. 689453, 1949. The output of ball and roHer mills of material of a 
sue can increase if the balls and material are prevented from rotating with 
thehoi^ at hi^ ThB is done by vibrating the housing at a predeter^ed 

qwed mdqitarfently of the rotation of the mffl. The installation is described 


BALL, PEBBLE AND TUBE MILLS: THEORETICAL PAPERS 

IMl. Geaesis <rf the Hardiage Mffl. Anon. Crush. & Grind., July-Aug 1931 1 47 
A faief statement of early ^velojanent of the conical mffl in 1906. Two conra of 
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different angle were inserted in a cylindrical mill. It was found that the large pieces 
remained until broken down, the sizes both of ore and of pebbles arranging them¬ 
selves in order of diameter. In 1908 comparative tests grinding copper ore in a tube 
mill, a CMe mill and a conical mill, showed the advantage to lie with the conical 
mill. The conical mill was thereupon adopted, 64 conical mills in one plant. The 
next advance was the substitution of pebbles by metallic balls, particularly for reducing 
ore from larger than i-in. size. As the ball mill became establisl^d, so followed the 
gradual elimination of the stamp mill. Then followed the closed circuiting of mills and 
classifiers. In 1912 the manufacture of Hardinge conical mills began in England and 
came under the charge of J. C. Farrant, the constructor of the original conical mill. 

1042. The Mining and Dressii^ of Low Grade Ores in Eun^, O.E.E.C. Tec^ical 
Assistance Mission, No. 127, 1953. O.E.E.C., Paris. Obtainable from H.M. Stationery 
Office. The G.E.C.’s Research Laboratories at Wembley work with an 8-in. diam. ball 
mill and Armstrong considers that the 12-in. mill as used in U.S.A. (12 in., 16 in. and 
24 in. are used) is on the large size. Close correlation in results has been found between 
these mills and practice, but G.E.C. has not yet shown that a mill as small as 8 in. can 
give results comparable with large-scale practice- 

1043. Exploitatkm of Low Grade Ores in U.S.A. 0,E.E.C. Technical Assistance 
Mission, No. 228, 1954; Chap. IV. O.E.E.C., Paris. Obtainable from H.M. Statioipry 
Office. >^ere 3-in. balls have to be used to break the largest sizes in one-sta^ grinding, 
these are found to be less effective than I- or 2-in. balls for grinding smaller particles. 
One-stage grinding generally requires more power than two-sta^ grinding. 

The spiral lifter, developed by Allis Chahners, enables the material to advance more 
rapidly through the mill than does the usual type of horizontal lifter. Where balls are of 
diferent sizes, the latter type induces the large balls to segregate at the discharge end, 
whereas the spiral lifters cause migration of the lar^ balls to the feed end. 

1044. Open Circuit Cnii^iii^ in the Sdllfrmtein Reduction works. Anon. 5. Afr. Min, 
(Engng)J,, 1952, 63, 11 (3122), 629-31. A general account of the reduction works with 
flow sheet. The special feature is a vibratory g^ly, the first installed in South Africa, 
for classifying the — 6-in. stock pile ore. Rod mills open circuit, then tube (pebble mills) 
are used. Space is saved by having the feed and flow at ri^t aiigles to the length of tl^ 
rod mills. 

1045. S<mie Experiments on Colloidal Grinding with a Ball Mill. Andreasen, 
A. H. M., Berg, S. and Kjaer, E. Kolloidzschr,, 1938, 82, 37-42. A 5-litre porcelain 
drum was used for the experiments at the critical speed of 99 rev/min corresponding 
to n—kjD, with ^=42*3 and in which n=TQylmm and i>=the diameter. A large 
number of small steel balls (7*94 and 3*93 mm diameter) occupied 37*3% of the 
volume of the drum. The materials were finely groimd heavy spar and polishing red, 
chosen because the iron impurities introduced during the grinding could be removed, 
without serious attack on the particles. The method of carryii^ out the analysis is 
described. Polishing red was more difficult to grind than heavy spar. Further, the 
smaller balls were more effective than the larger, but to a much less degree with polish¬ 
ing red than with heavy spar. The difference in the finest grain sizes was up to 50% with 
heavy spar and less than 10% with polishing red. Into the latter, 4% of iron was 
introduced during the finding, but only 1% into the spar. After 24 hours’ grinding 
20% of the spar was below the 0-1 size, after 72 hours 48%; in the polishing red this 
fraction made up 15%. With the usual porcelain balls practically none of this fraction 
is obtained. 

1046. Optimum Ccmditimis for Operating Ball MiOs. Appell, F. (Mdme.) Offl Dig, 
Fed. Paint Yarn. Prod. CL, 1950 (303), 315-22; Brit. Lino. Res. Council Abstr., 1950 
(11), 342. This is a bibliographical study of ball mills. Optimum conditions and the 
factors affecting the operating efficiency are dealt with. 

1047. Ban and Pebble Mflls. R. G. Baines. Lecture; condensed in Chem. Age., 



208 CRUSHING AND GRINDING 

1945,53 (B74), 390. A tbieefold action occurs in the dispersion of a toe powder 
in a liquid, viz., (a) the cascading of outer balls, (b) the rolling together of inner balls, 
and (c) the nibbing action betwera the balls and the inner surface of the mill. These 
are the ca u se of the simplicity of ball and pebble m i l t s when in use, the low power 
ccmsun^ption, and the consistent results. The author di^sed the material available 
for construction points to be considered for facilitating cleaning and quick change¬ 
over. Steel ball millR were compared with porcelain pebble ntos, and the acivantage 
to be gained by incorporating lifter bars to overcome the slip inevitable with steel 
balls was explained. The use of compressed air and its limitations for discharging were 
mentioned. The difficulties to be borne in mind when transferring from laborato^ to 
works practice were enumerated and a formula was shown for deterxninirig the critical 
speed, the usual sp^ adopted being 60-70% of this critical figure. Optimum figures 
for dbarge and pebbles were suggested and, in regard to dry grinding, the relation exist¬ 
ing between diameter and time and output. 

1048. Relatkm of Mining Practice to Enamel WwlmhiHty. Baker, R.J. and Sheidon, 
R. S. Proc^ PorcelL Enamel Inst, Forum^ 1953, 15, 66-19 \ J, Amer, chem, Soc,, Oct. 
1954, 175. An investigation was made with alumina balls to tod methods of reducing 
milled enamel temperatures and fnt solubility difficulties. The greatest sin^e factor 
was the reduction of grinding speed from 18 to 13-75 rev/min (8 x 6-ft miU). Ball sizes 
greater tha-n 2 iiL are too large. Volume of balls was established at 45% of rnill volume, 
and increase raises the tenaperature. Inoreasing the frit above 6000 lb decreases tem¬ 
perature but increases mill time. 

1049. DeretoiHiieDts in Ball Mill Grinding. Barker, L. M. and Lewis, E. G. Tech, 
Pubi, Amer. Inst, Min, Engrs, No. 1361, 12 pp.; Min, Techy 1941, 5; Ceramic Abstr,^ 
1942,21,175. An attempt was made to test the statement that in ball mill grinding the 
best effiidency is obtained when the screen analysis of the sands shows a minimum 
crowding at any one size. A modified two-stage grinding circuit was in use. This 
showed crowding with most of the material in the - 28 to + 65-mesh screen sizes for 
both mills. The size of the ball make-up was reduced from 3 to in. for the primary 
mill and from 2i to 2 in. for the secondary mill. There was less crowding in both, but 
less tonnage was ground. All new feed was then run throu^ one mill on open circuit 
and then to three secondaries. Ibis gave little crowding in the primary mill and a 
decrease in the secondary mill, but the classifiers gave trouble. When the ball make-up 
was dianged to 50% each of two sizes, there was httle change. Single-stage grinding 
was tried, but it was not more effective until ball make-up was changed to 30% 3 in. 
and 70% 2 in. This was adopted as grinding practice, although optimum conditions 
were not obtained. 

1050. Ihhe MiBs in file Cem^t Indiistry. Birthelmer, L. Silikat Technik, 1954, 5, 
163. Ihe operation of tube mills for cement, the feeding of grinding media and their 
wear, are described in detail. 

1051. Cakiiathig the H(a:se Powa: Cemsumed in (Cement) Bafl Mills, Blanc, 
M. E. C. Rev, Mat^, Corntr,, 1924,174,57-60. See under Cement. 

1052. Some Remariks Concenimg Qose Paddng of Equal Sidiares. Boerdijk, A. H. 
PM^s Res, Rep,, Aug. 1952, 7 (4), 303-13. Three criteria are stated for estimating 
the mean density of local ocMafigurations. Some configurations are described which 
may tove a local mean tonsity exceeding that of ‘close paddng^ It is proved that the 
maximum number of ^heres simultaneously touching a sphere is 12. 6 refs. See also 
mkr Wise, M, E. 


I^etomHiatioBof the ClrcidatlDgLoadi& a Wet Oosed Obreoit Grinding System, 
Bwd, F. C. Min, ^ MetaU,, N,Y,, Nov. 1937; Rock Prod., Jan. 1938, 41, 64. The 
calculation is not based on screen analysis but on feed tonnage measurements, dilution 
aiKi the amount of new material added. Formulae are given for wet and dry grinding. 
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1054. Crnsiiiiig and Grinding CaktiMtioiis. Bond» F. C. Canad. Min, metalL BulL^ 
July 1954, 47 (507), 466-72; Trans, Canad, Min, Inst, ifnst, Min, MetaiL)y 1954, 57, 
286-92. 'liije theoretical relationship between work input and particle size is discussed. 
The TTiill volume, charge and nature of grinding media relations are discussed. 9 refs. 

1055. Increasii^ the Efficiency of Cem&it Ball Mills. Capek, Z. Stavivo,^ 1950, 28, 
286; 1951, 29, 695. The development of ball mills was empirical and so is most of 
the research to make milling economical. The author’s work embraces the results of 
135 full-scale plant expts. and a series of laboratory scale experiments over the last 
5 years. The measurements of the mill are: Exterior length=13 000 mm, exterior 
diameter=2200 mm; Chamber I: /-3040 mm, d=2040; Chamber 11: =2440 mm, 
d=2040 mm ; Chamber HI: =6860 mm, d=2080 mm. It is sometimes believed that the 
output of the mill can be increased by introducing finely pre-crushed material into the 
mill, but this is untrue. A series of experinMnts was performed to find the degree of 
filling required to obtain a certain grain size after the minimum time. The results were 
used on large scale experiments varying the filling of each chamber to a limited extent. 
The decrease of the residue on 70 mesh in each chamber was plotted in Mittags dia¬ 
grams. The correct course of the curve is the smoothest. Comparing outputs shows 
that the correct curve does not imply maximum output. The effects of changing the 
filling by 1% only at equal total load are very great. In one series of experiments 
chambers I and n were combined and filled with pre-crushed fine material, in another 
series chamber HI was lined to increase the surface. The output of ti» mill was compared 
with the max. output of the mill in its original form. In both series of experiments the 
output was low. A diagram of the particle size curves, with Grafs carve for comparison, 
is given and the sizes giving max. output are shown. The belief that fresh clmker is 
more difficult to grind than aged clinker is shown to be wrong, and diagrams are given. 
The importance of the correct velocity is noted. Addition of electrolytes to the clinker 
and the use of non-magnetic balls was tried out successfully, increasing the output 
considerably, theoretical reasons are given. It is thought that the passage of ionized 
air through the mill might give results similar to the addition of electrolytes. 7 figs., 
3 tables. (PJ 

1056. Grinding Ball (Uassificatum. Its Effect <hi Ball Migration. Carman, C. McA. 
Rock Prod,, June 1953, 56 (Q, 106-9, 151. The effect of the Carman patent—ball 
classifying shell liners—^is discussed and illustrated. These ‘plates’ are in the form of a 
series of short truncated cone having a slight slope, say 3®, sufficient to m aintain 
classification of balls along the tube mill continuously, reverse ball migration being 
completely eliminated, as well as partitions of course, 

1057. Gold MetaDurgy in the Witwatersrand. Carson, D.L. 1949, Transvaal Chamber 
of Mines, Johannesburg. Chap. m. Pt. 4. A note on ball rationing. The relation between 
the product and size distribution of the ball charge is discussed, and performance 
figures are tabulated to serve as a guide to choice of ball size distribution. [P] 

1058. The Opmtkm of Ball Mills. Channell, T>, R. Industr, Chem. Mfr., 1951, 

27 (313), 69-73. A discussion of the factors (eight are listed) affecting the operation of 
ball mills. Working data are assembled in tables and graphs in order to enable suitable 
working conditions to be ascertained. headings are: total charge; volume of balls; 

size of balls; speed of mill; viscosity of wet batch; order of grinding; duration of 
grinding; initid grain size. IP] 

1059. G(M Miiiiii^ in the Witwatersarand. Clemes, A. and Mom, A. T. 1949, Trans¬ 
vaal Chamber of Mines, Johannesburg. Chap, m, pt, 2, pp. 92-125. Grinding crusher 
product in Qrlindrical mills to produce a one product, all slime pulp. The successful 
elimination of the intermediate stamp mill process the introduction of b^ mills for 
primary grinding is described (steel balls). A very full description of equipment and 
process (including classification) is given, together with tabl^ of performanoe data and 
costs. [P] 
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1060. Ffeie Grinding. Coghill, W. H. /. Amer. Zinc InsLy 1929, 12 (5 and 6), 100. 
Account of early history and development of the ball mill, principally regarding the 
mechanics of milling. A new formula is given for ball paths. 

1061. Statistics m Eariy and Recent BaU Mills and Concentrators in the United 
States. Coghill, W. H. (Colorado School of Mines). Mines Mag., July 1934, 5, [P] 

1062. Adrant^ of Ball (Rod) Mills of Larger Diameters and Advantage of Improved 
Bearmgs. Coghill, W. H., De Vaney, F. D. and O’Meara, R. G. Trans. Amer. Inst, 
min. (meialL) Engrs, 1935,112, 79-87. It is claimed that if a large mill and a small miU 
am run while centrally loaded and packed to working weights, wei^t times rev/min 
divided by net power should be the same for each mill. If this is not so, the one giving 
the small quotient has poor bearings. Tables of data. Discussion- |P] 

1063. Ohservatioiis from Grindii^ and Crushing Tests. Coghill, W. H. and De 
Vaney, F. D. (Colorado School of Mines.) Mines Mag., June 1937,7-10. (1) Relations 
between the amount of feed and circulating load and particle size of composite mill 
feeds, are inv^tigated in detail. (2) Constant ratio is found between the amount of 
hnisli^ material and the arithmetical mean of surface of composite feed and circulating 
load. (3) The effect on mill capacity with finished material in the circulating load is to 
make tl^ product fiiwr and reduce capacity. 

1064. Concin^OBS from Experiments on Grinding. Coghill, W. H. and De Vaney, 
F. D. Bull Mo. Sch. Min., 1938, 13 0), 100 pp. The paper includes: an early histor>^ 
of size reduction and its modem history; three industrial epochs of the ball mill, 
study of variables and power losses in trunnions (the ball mill has few competitors); 
doubts about the application of the Rittinger law; a series of cardinal points in grind¬ 
ing, relating largely to the ball mill. 69 refs. 

1065. Power Cmisnmpfioii in a Small Ball MilL Connor, J. M. University of London, 
1936, PfcuD. Ihesis. Experiments were made in a ball mill, 20 in. diameter by 24 in. 
long, fitted with a glass front and driven through a transmission dynamometer. The 
casing was smooth. Balls were from i in. to 2 in. in diameter. Data were obtained with 
and without charge of material. Power measurements showed that when the ball 
dbaige was less than 40% of the mill volume, the torque remained constant with 
increasing speed- When the ball charge was more than 40%, the torque had a maximum 
value at 80% critical speed, and increased rapidly at higher speeds. The addition of 
dust to the ball charge reduced slipping and increased the power. Photographs were 
taken of t«ii paths and a critical examination was made of ball path equations. 

1066. The Ratio Water to SolMs in CylMer Grinding. Creyke, W. E. C. and Webb, 
H. W. Tram. Brit. Ceram. Soc., 1941, 40, 55. There is a sharply defined critical ratio 
of solid charge to water in cylinder grinding at which the grinding efficiency is a maxi¬ 
mum, An important factor in securing grinding efficiency is the viscosity of the slip. 
*Ihe rate of production of fine material is higher at lower viscosities. It is possible to 
obt^ greater grinding capacity, while maintaining the optimum viscosity for maximum 
^5oency, by the addition of a suitable defiocculant. When grinding mixtures of 
materials wbkh grind at different rates a loss of efficiency may be caused throu^ the 
ea% develop^nt of fines from the softer material which slow up the grinding of the 
harder material. Tl;© use of different forms of classifier have been developed to obviate 
this. In any case it would seem an advantage to add the softer material at a later stage 
of the grinding. Similarly, the inclusion of clays in a grinding charge, by increasing the 
viscosity, lowers the grinding efficiency- When grinding borax frits, stone and felspar, 
whkh develop alkalinity, it is usually possible to use a higher solid:water ratio than 
when gnndi^ a material such as flint or quartz, because of the deffocculating action 
of the alkalis. The ratio of solids:water should be varied for each material being 
ground to obtain maximum efficiency. 

1067. Screefied Ore for Fine Grmdiog at Lake Shore Mines, Ontario. Crocker, B. S., 
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Lake Shore Mines. Min, Engng^ N,Y,y 1952, 4, 499-508; Trans. Amer. Inst. min. 
{metall.) Engrs, 193. Increased steel cost and shortage of i-in. balls led to development 
of pebble milling to grind from -8 mesh to 24% +28 microns. Tabulated results 
show: (1) shape of grinding media is unimportant below 8 mesh; (2) surface hardness 
has no effect; (3) capacity of media is directly proportional to its sp. gr.; (4) high 
discharge pebble nulls are erratic; (5) low discharge mills use 40% more power and 
give 40% more capacity than high discharge pebble mills; (6) h.p. per ton milled is 
the same for pebble as for steel; (7) liners with some lift are required; (8) a slight 
decrease of solids of pulp over steel balls is recommended; (9) saving on steel con¬ 
sumption gives an impressive decrease in grinding costs. A practical method of con¬ 
verting steel to pebble mills to retain the same grinding capacity is outlined. Methods 
of obtaining, weighing and charging the pebbles is described in detail. 

1068. Ball Mills. Dallavalle, J. M. MicromeriticSy 1948, 2nd Edn. Pitmans, 
New York. Critical speed Wc/s— 54-2/Vradius of mill in feet. It is independent of the 
density of the material. Centrifugal force=centripetal forces, i.e. just short of falling 
off. Optimum ball size D^—kdy k depending on the material; 55 for chert, 35 for dolo¬ 
mite. A mill is most efficient at producing new surface whCTL the ratio, initial diameter 
of particles to (ball diameter)^, is approximately 600 x 10“^ (diameter in microns). 

1069. Ball Mill Cnuliiiig in Closed Circuit wifli Scre^. Davis, E. E. Bull. Univ. 
Minn.y 1925, (10), 25 pp. Calculates work done in open and closed circuits both by 
Rittinger law (surface units) and by Kick law (energy units). Efficiency increased with 
increased circulating loads. 

1070. Fine Cn^hing in Ball Mills. Davis, E. W. Trans. Amer. Inst. min. (metall.} 
Engrsy 1920, 61, 250-94; Discussion, 294-6. Tfce large formation of hard siliceous 
rock at the Eastern end of the Mesabi Range contained fine grains of magnetite to the 
extent of 35%. To obtain the magnetite, it was necessary to crush to -200 mesh, 
after reducing the feed with aid of magnetic separation to a i in. and discarding the 
rock containing little or no magnetite at each successive stage of crushing. A compre¬ 
hensive investigation of the fine crus hing was undertaken using a Hardinge conical 
mill 8 ft X 22 in., into the effects of all factors likely to affect efficiency and output. The 
ban paths and other aspects were investigated mathematically and the results compared 
with experimental data. Results are summarized in 16 conclusions. A mathematical 
analysis of ball wear is made, conclusions are itemized, and the data tabulated. Illustra¬ 
tions of ball paths. Discussion, 294-6. [P] 

1071. Pulp Dendties within Opmtiiig Ball Mills. Davis, E. W. Trans. Amer. Inst, 
min. (metall.) Engrs, 1946,167, 155-9; Tech. Publ. Amer. Inst. Min. Engrs, No. 1843; 
Min. Tech., 1945, 9 (3). Laboratory experiments on ball mill grinding of magnetic ores 
show that variation of composition of the pulp inside the mill was dependent on mill 
speed, and that it could differ considerably from the feed and output. High-speed 
cinematographs were taken to show baU paths and degrees of agitation. 

1072. Application of Ball Mills in South-East Missouri. Delano, L. A. and Rabling, 
H. Trans. Amer. Inst. min. (metall^ Engrs, 1921, 66, 99-116. States that crushing tests 
with Hardinge and AUis-Chalmers ball granulators, using Gates crushing diagrams, 
show that ball mills operated to give low slime will show poor efficiency (thin pulps 
gave better results); capacity and nature of product are governed by mill sp^, w^eigjit 
of ball charge, nature and size of balls, moisture in feed, and rate of feed; and higl^t 
capacity and lowest percentage of slii^ are obtained with large proportion of largest 
balls. 

1073. Fine Grinding ai^ Classification. Dorr, J. V. N, and Anable, A. Trans. Amer. 
Inst. min. (metall.) EngrSy 1934, 112, 161-77. Modem flotation and cyanidation of 
slime has made fine closed circuit grinding essential- The relation of classifier to the 
mill in this ‘unit’ process, and the effects of variables on particle size are discussed. 
Eight basic rules are stated. 
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1074. of Energy Consmnpfkm ctf Tidje MSIs. Dreyer, H. Zement^ 1929, 
1434^9* T he ino'vsineiit of in n bnll is analysed and the c!6[ccts of variables 
on output aie determined. [P] 

1075. CdiMons tiffongh liqiiid Films. Eirich, F. R. and Tabor, D. Proc. Camb. 
pkii. Soc., Oct. 1948, 44, 566-80. A simple mathematical analysis is made of the 
hydrodynamic behaviour of a liquid layer interposed between two colliding surfaces. 

1076. A Conanardal Api^tloii of Qosed Circuit Grinding of Wet Process Cem^t 
Raw Mateials. Ernest, E. S. Portland Cement Association Spring Meeting, 12 May 
1931. 

1077. Grinding Investfeatim^ at Malmberget Fagerberg, B. International Ore 
Dressing Congress, Goslar, May 1955; Gesellschaft Deutsche MetalJhutten und 
Bergleute e.v. Oausthal. In the production of high-grade magnetite concentrate, 
since the latter has to be pelletized it must be ground to a specific surface of 1800 sq. m/g. 
Investigations have been carried out since 1950 to provide reliable grinding data. 
Results axe: (1) The production of new surface increases with the fineness of the 
material. (2) A relatively hi^ water-content is favourable for control of oversizes in 
rod milling. In ball milling of fine feed a thick pulp promotes surface formation. 
(3) Low-level ball mills produce more new surface in fine grinding than do overflow 
mills. (4) Greatest economy is efiected in ball milling with a charge volume of 40-45%. 
Maximum capacity is obtained at 43-50%. The lower values are more suitable at 
hi^ speeds. (5) Within limits, increased specific surface of the grinding media results in 
higher capacity and less energy consumption per ton throu^-put. This applies to ball 
and rod mills. (6) The capacity of fine grinding ball mills increases with the speed up to 
about 100% of the oridcal value, but this increase probably occurs at the cost of 
grinding economy at speeds hi^er than 70% critical v^ue. In rod milling the capacity 
is proportional to the speed below about 100% critical value. (7) The design of mill 
lining has a decisive effect on new surface production. Smooth shell liners axe recom¬ 
mended for hi^Hspeed mills. (8) The production of new surface in ball milling is pro- 
porti(mai to the mill kngth and to the mill diameter to the power 2.5. (9) The produc¬ 
tion of new surface is not noticeably infliKnced by dosing a ball mill circuit with a 
classifier. (10) As energy consumption, wear per ton throu^-put in fine ball milling 
seem to be at a minimum at lower speeds, hi^er pulp levels and lower charge volumes 
than would be recommended for obtaining maximum capacity, consideration should 
be givKtt to qptimal working when planning new mills. 

The feed is —15-mm magnetite ore to be ground in three stages, rod mills in the 
first stage, and ball mills for the other two, all in open circuit. [P] 

1078. Partide Size Dktribiition of Products Ground in the Tube Mill. Fagerholt, G. 
1945, GJE.C., Gads Forlag, Copenhagen. 

1079. GrMiag and Oas^ikratiofi^ L Batdt Grinding. Fahrenwald, A. W. Rep. 
Imest. UJS. jRor. Min,, No, 2989, Feb. 1930. The relationship was investigated semi- 
quantitativefy bdween capadty of the ball mill and the fineness of the finis hed product. 

and wear were not measured. Size analysis at 3-min intervals up to 24 min 
was approximately linear dog log), but the influence of the feed was visible. Then 
decreases iq) to about 12 min, so that the plot became curved. The surface of the 
unfinished product v. time gave a series of parabolas with Tnarimnm value reached 
socmer fm: coarse than finer mesh. The feasibility of being able to measure the surface 
is qiK^cmed. Batdbi grinding with a simple grind could not be operated under any 
cemditions to produce high efficiency. The percentage of finished product is a vital 
factor ia ball mill effidency. [P] 

1080. C^iiriiBig and OassificatioiL IL Batch Closed Chreuit Grmdii^ Fahrenwaii>, 
A. W, Rcjp. Invest U.S. Bur. Min., No. 2990, Feb., 1930. Mill efficiency is considered 
to be defined by conditions givix^ the maximum rate of output. These conditions are 
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investigated. The ratio, recirculated quantity to output, is a function of the Sneness of 
the finishft d product for maximtim eflBcienicy. niis ratio can vary from 10 to 2. [P] 

1081. Ban hfin Studies. Fahmenwald, A. W. and Lee, H. E. Tech. Publ. Amer. bat. 
Min. Engrs, No. 375,1931. A theoretical analysis of baU mill action is given, and vaimus 
equations for ball paths are developed. Variables are related by curves on the tois of 
rfata from small ball mills. It was found that the optimum speed of a mill 12 in. diameter 
by 4 in. long was 1-33 times the critical speed, but this is not in accord with results of 
other workers. [P] 

1082. OMor Ore Dressisg Practices Re-studied. Fahrenwald, A. W. Engng Min. 
1939,140, 73. 

1083. WIw a Smaller Ban Load Gives a Better Economy. Fahrenwald, A. W. 

Engng Min. J., 1954, 155 (12), 79. Experimental grinds were run with baU loads at 
45% and 29% of mill volume. The smaller load gave less ball consumption, less power 
consumption, and less overgrinding. These results were attributed to higher capacity 
for ore in the mill and hi^r ore to ball ratio. [P] 


1084. Ban Mins. Relatire Noise. (Data supplied to Dr. Heywood by Mr. Farrant of 
International Coml 
Rel. noise 
Dry toiis/24 h. 
kWh/ton 

h.p. . _ 

There appears to be an optimum value of relative noise (78) for the ma ximum output. 


stion. Ltd.) 

76 80 

80 

70 

70 

83 

60 

78 

1270 

1324 

1250 

1193 

1170 

1178 

1104 

1304 

4-71 

4-51 

4-75 

5*08 

5-12 

4-91 

5*43 

4-® 

334 

334 

333 

339 

335 

330 

335 

342 


[P] 

1085. A Review of Craiain Unit Processes in tiie RednctioB rrf Materials. Farrant, 
J. C. TYans. bvstn chem. Engrs, Land., 1940,18,56. In baU mffl grinding, a coarse and/or 
a hard materia^ entails a higl^ speed than a fine and/or a soft material. The cnti^ 
speed, i.e. that at which the balls remain at the periphery, is given by N=54-18V^ 
where S is the radius of the mill in feet less the radius of t^ balls. The use of ‘lifters 
in a ball mill is not generally economical owing to ftieir rapid wear. A general value 
for the wei^t of mixed sizes of balls taken from a workmg null is 300 Ib/ra. ft. For a 
given reduction the following general rules may be applied: (1) a small diameter mill 
requires larger balls than one of large diameter; (2) hard and tou^ materials requro 
larger balls than friable minerals; (3) hi^-density slips require an avera^ larger s^ 
tTian a thiriTiftr slip; (4) a wide range of reduction of a hard mineral requires a 
rangft in ball sizes; (^ large-diameter balls minimize fines in the product; (6) anall balls, 
by reason of their greater surftice, produce maximum fines. 

1086. Study of MiHing and its Effects on Properties of Porcelain Bianiel Slips. 
Fellows, R. L. and McLaughlin, J. L. J. Amer. ceramic Sac., 1939, 22,260. Vi¬ 
rions in the amount of frit charge, amount of ball ctoge, size of b^, and rev/mm 
of the mill were found to change the fineness distribution of a white steel enai^. 
Other variables, such as the water content, temperature of milling, and pressure undCT 
which the fmamal was ground, had apparently little effect on tire finraess of the enameL 
An Increase in grinding temperature decreased the Na20 :B 203 ratio of the mill 

and decreased the set of the enameL Variation in milling under the conditions stated 
had no effect on the opad^ or gl(»s and texture of the enamels. 


1087. of Pfem^ts fry BaU and PdiHe hBOs. Fis cher , E. K. buhistr. 

Engng Chem. (Industr:), 1941, 33 (6), 1465-71. Optimum conditions for the optai^mn 
of steel ball tniils for pigment dispersion have been inv«tigated in mills ran^ from 
laboratory to production sizes. Microscopic examination was used as the cnterra for 
evaluation. Dispersion rates were correlated with ball size, relative volumes of bal 
and charge and mfll diameter. adjustment of the formulation to allow pro^ 
ragraHmg of the balls, and by maintaining the charge only di^tly in excess of voids, 
the Tnilling times can be shortened, fri this way laboratory mills can provide a dose 
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mdication of the results obtainable with production size mills. 16 refs. See also under 
Superfine Grinding. [P] 

1088. Dis^iersit^i with Ball and Pebble Mills. Fischer, E. K., Rolle, C. J. 
and Rylan, L. W. Off, Dig. Fed. Paint Yarn. Prod,, 1948 (287), 1050-64. Construction 
and operating factors are considered. Mill speed should be 50-65% of critical and ball 
load should be 40-55% of total mill volume. A slight excess of charge over ball voids 
is most rapidly dispersed. Viscosity should be the highest consistent with free cascading, 

1089. The Woridiig Mechanism in Ball Mills, Especially in Tube Mills. Fischer 
(Hermann). Z. Ver. dtsch. Ing,, 1904,48,437-41. Gives results of investigations of ball 
movements by observations through screen ended mills. By observing dry balls only, 
he concludes (1) that no grinding is done by attrition, only by impact; (2) at slow speeds, 
the balls roll down the inclined heap, but at higher speeds they are thrown in an arc to 

bottom; (3) the falling balls do not come down in clusters, but in series, the balls 
of each row keeping to their own line of flight according to their distances from the 
wall while ascending; (4) at critical speed the balls adhere to the wall; (5) the line of 
flight may be computed for each ball. They influence each other’s flight at the apex of 
the course; (6) the speed recommended is correct, 76-83% critical. 

1090. A Supiteneiitaiy The<Mry of Fine Grinding. Fry, A. T. Chem, Engng Min. Rev., 

5 Aug. 1923. Shows that higher eflSciency is to be expected by extra contact area; 
aushing in a ball mill is dependent on the area of contact which depends on size of 
ball and angle of nip; and the smaller the ball the smaller the area. The same idea may 
be applied in roiling action, where the area of contact is a ribbon instead of a circle 
as in impact crushing. Comparison of tonnage through two pebble mills gave 5% 
more finer material for the smaller pebbles. 


1091. How to Obtain Effidait Ball Mill Op^tion. Garlick, O. H. and Abbe, P. O. 

Clay Rec,, Sept. 1952, 121 (3), 56-7. A practical study of a laboratory jar mill 
in or<^r to detennine the operating conditions necessary to obtain efficiency. For dry 
grinding of ceramics in mills not greater than 36 in. diameter, it was considered that 
best results were obtained with mill speeds from 55 to 60% of the critical velocity. 
The solids in the miU should be between 25% and 33% of the total mifl volume and 
the tells should occupy about 50%. In wet-mill grinding there was an optimum 
(Ximist&Qcy of slurry in which the balls or pebbles moved freely but without the ten¬ 
dency to float or sink. See also Proc. Parcel. Enam. Inst., 12th Forum, 1950, 27: 
Ceramic Ind., 1950, 55 (5), 59. 


1092. Grmdii^ Plant Research. Gilbert, W. Rock Prod. 

P3it I, GeiKral Principles and Fundamentals of Tube Mill Grinding, 21 Nov. 1931, 
34, 39. Enumerates the factors involved in ball mill investigations. Curves are shown 
imtu^ the ratios a/d and Rgjd with volume of ball charge, d being the diameter of 
the mill, a the depth of the upper surface of the baU charge below the centre of the 
^ wten at rest, and Rg the depth of the centre of gravity of the ball charge below 
^ centre under the same conditions. Bulk density of steel balls found to be 
to a void content space of 42*5%. Cylpebs had a voidage 
^ stones of 42%. An expression is derived for the path of a single ball, 
ig^rmg the effect of slip. Horsepower factors also determined by theory. 

Cement Clinker Grinding Mflls, 27 Feb. 1932, 35, 27. Describes 
^ on the ateve mflls. The preliminary grinding mUl was 71 in. diameter, fitted with 
^ ^ up to 4 in. diameter. The finishing mill was 71 in. 

smooth casmg and used flint stones for grinding. Graphs show the 
of the product along the length of the mill, 

T^i Reference Curve and Additional Clinker Grindings 

1 43 ' ^ ^^f^rence curve is defined as the percentage residue 
Pitted against the relative energy per unit weight of product. 
Slmi^t line relationship exists up to about 40% residue, i.e. 60% passing the sieve; 
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curves become flattened at 95% passing the sieve. The b.h.p. hour per ton varied 
firom 20 to 48 for a fineness of 15% residue on 180 mesh when grinding coals in a 
Kominor mill. 

Part IV, Tests of Coal Grinding Mills, 23 April 1932, 35,40. Gives detailed descrip¬ 
tion of tests on Kominor and tube mills. New surface in sq. ft per b.h.p. hour was 
137*2 for Kominor mill and 114*8 for tube mill. [P] 

Part V, Tests of Coal Grinding Mills (continued), 4 June 1932, 35, 24. Fuitt^r 
experiments described. [P] 

Part VI, Grinding Tests on Coal and Clinker in Tube Mills and on Standard Sand in 
Experimental Mill, 2 July 1932, 35, 35. Experiments were made with tube mill 52 in. 
diameter by 25 ft long, using 3i tons of flint balls: firstly with continuous feed and 
secondly vrith closed outlets. The reference curves for the two cases were very similar, 
the residue being very slightly greater with continuous feed. Subsequently an 18 x IS-in. 
mill was constructed. Two types of lining were used in this mill, namely, smooth 
and with 8-in. square section lifters respectively. The experiments on the 18-in. mill 
with lifters are described in this section. [P] 

Part Vn, Tests on Standard Sand in Experimental Mill, 27 Aug. 1932, 35, 23. 
Notes on &e ratio of material to void space in ball charge. Optimum conditions 
found to be obtained when this ratio was 80% with 1-in. balls, and 60% with cylpebs, 
this being based on the charge volume at the beginning of the test. The inoease in 
the volume of the material after grinding was 35-45%. Most suitable speed factor, 
Le. the constant in the equation c/1 was found to be about 180. 

Part Vm, Tests on Standard Sand in Experimental Mill with Smooth Lining 
Plates, 8 Oct. 1932, 35, 23. The above tests were repeated with smooth casing. The 
smooA casing was jfound to be slightly more efficient than the lifters, but the speed of 
rotation should be sli^tly higher. 

Part IX, New Surface Produced by Grinding, June 1934, 37, 31. Sizing analyses 
made by repeated sedimentation in distilled water at time intervals of 6 hours, 1 hour, 
10 minutes and 100 seconds; depth of sedimentation 7i cm, 6-10 sedimentations were 
usually required, and the fractions were then measured microscopically. The surface 
area assuming spherical particles was 610 sq. ft/lb for a fineiKSS of 6*76% r^idue on 
180 mesh. A statistical method of particle measurement was applied to a hypothetical 
rectangular prism having proportions of 10 x 6 x 4 units, and the ratio of geometrical 
to spherical surface found to be 1*48. Curves for particles of different proportions 
are shown, and the value of the above ratio may be taken as 1 *5-2. 

1093. Lab<»:atcNry Ihyestigatioiis of Ball Gow, A. M., Campbell, A. B. and 

CoGHELL, W. H. Trans, Amer, Inst. min. (metalL) Engrs, 1930, 87, 51; Tech. PubL Amer. 
Inst. Min. Engrs^ No. 326; Ceramic Abstr.^ 19^, 9, 336. (1) Observations have been 
made with a 3-ft squirrel-cage mill. A new theory of ball action has been advanced 
from this study, and a new formula of ball paths has been derived. (2) Laboratory tests 
with short ball rnilk in which slippage was reduced to a minimum have shown that the 
best grinding results were obtained at lower speeds than those hypothecated by pre¬ 
vious theories. A speed of 65% of the critical gave the maximum grinding, while a 
speed of only 50% of the critical gave the most efficient grinding. (3) By comparing 
the grinding results of the mills of various diameters, it was found that at the same 
percentage of the critical speed: (a) the units of surface per unit weight varied as the 
0*6 power of the diameter; the surface tons, or grinding capacity, varied as the 
2*6 power of the diameter; (c) the horsepower also varied as the 2*6 power of the 
diameter; (d) the surface ton/h.p.-h, or effidency of grinding, was constant regardless of 
the diameter; and (e) the units of surface per unit weight varied approximately as the 
peripheral speed. (4) The larger mills showed lar^r grinding capacity per umt volume, 
but no increase in grinding efficiency. H.p.=[(L/2—l)K-Fl]x(2>2*6/2), where AT—0*9 
for I,=less than 5 ft, and 0*85 for L=greater than 5 ft. 

1094. A Laboratory Iiives^tioii ofMiBmg Methods. Gow, A. M., Campbell, A. B. 



CRUSHING AND GRINDING 


216 

and CoGHiLL, W. H. Tram. Amer. Inst. min. (metall.) Engrs, 1930, p. 51. The phenomena 
of cascading and cataracting of balls is investigated at ball loads from 10 to 50%. 
It is concluded that the fallacy of the old parabolic theory lies in the fact that the balls 
do not act independently when they leave the shell, but continue in contact, pushing 
those ahead until they pass the apex of their flight. The continuous upward stream of 
balls cannot lose velocity, and consequently there is a horizontal velocity at the apex 
of their flight equal to the peripheral velocity of their circular course. Segregation: 
at critical speed large balls tend to go to the centre. At slower speeds, the large balls 
tend to go to ihs outside. Dead load was determined for each mill by rotating a con¬ 
centric weight equal to charge at the various speeds. Net power is presumed to give the 
energy expended within the shell. Graphs. 

1095. Dead Load Ball Mill Pow^ Cimsumption. Gow, A. M., Guggenheim, M. 
Engng Min. 1932,133, 632. The dead load of a ball mill is defined as the external 
friction loss. To determine this a 6-ft diam^r by 4-ft long null was shortened by a 
bulkhead and the shortened section completely filled with balls whose wei^t equalled 
the normal load when grinding. At a speed 80% of critical the dead h.p. was 11. 
The normal input when grinding is 87 h.p., with a motor efficiency of 90%; thus the 
dead load power is 13% of the electrical input. 

1096. Ban MlHiog. Gow, A. M., Guggenheim, M., Campbell, A. B. and Coghill, 
W. H. Trans. Amer. Inst. min. {metall.) EngrSy 1934,112, 24; Tech. Publ. Amer. Imt. 
Min. Engrs^ No. 517. Discusses horsepower, capacity and efficiency with variations in 
^>eed, ball sizes, pulp density and feed rate. [P] 

1097. Treatni^ Plant Opmtk»is at Giant Yellowknife. (Gold mine.) Grogan, 
K. C. Carnd. Min. metall. Bull., April 1953, 46 (492), 212. Performance data are 
presented for tih© ball mill operations. [P] 

1098. A Device for Deterinining Work Inpat to a Laboratory Ball MOL Gross, J. 
and Zimmerley, S. R. Rep. Invest. U.S. Bur. Min., No. 3056, 1931, 3 pp. This paper 
desCTibes a simple type of torsion dynamometer for measuring the power input to 
a anall ball mill. The torque is measured by the extension of three springs placed 
between two discs, one being on the mill shaft and the other on the driving shaft. 
Ihe speed factor is measured by means of a differential integrating meter. The two 
m^exs are combined to give a ffirect reading of the power to the mill. Details of the 
design are given. 

1099. Grinding Experiments on an Opai Circuit Tube Mill. Grosse, H., Forder- 
REUTHE, and Rammler, E. Ber. Reichskohlenrates, No. 25; Zement, 1930, 19, 189. 
MathKnatical expressions are derived for relationships between power and fceness of 
output. 

1100. Ihe Effect of Mfll Speed cm Grinding Costs. Hardinge, H. and Ferguson, 
R. C. Min. Engng, N. Y., 1950,187 (11), 1127-30; 1951,188 (12), 1222. Laboratory and 
plant data covering twelve dif^rent operations show that ball mill speeds lower than 
‘standard’ increase grinding ^ciency. In the case of high pulp level mills, the gain is 
^ gr^t that the increase in capital cost of the larger lower speed niill will pay for 
itself in less than a y^r. Power and ball cost per ton of —200-mesh product decrease 
with decrease of spe^. Low speed high-capacity milk should be installed for economy. 

1 fig., 9 tables. Discussion F, C. Bond, pp. 1149-50. [P] 

1101. Ban Paths m Tidie Mills. Haultain, H. E. T. and Dyer, F. C. Trans. Canad. 
Inst. Min. Metall., 1922, 25, 276-92; Bull. Canad. Inst. Min., 1922 (122), 651; Tram. 
Amer. Imt. mm. {metall.) Engrs, 1923, 69, 198-207. Quotes E. W. Davis’ outstanding 
pap^—Fine crushing in ball Tram. Amer. Imt. min. {metall) Engrs, 1920, 61. 
The inesent paper is (x>piously illustrated with photographs showing the paths of balls 
in ball mills, taken at 120 exposures per second, using a glass-fronted ball mill so that 
ball paths and slip could be studied. 
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1102. On Cylinder Grinding. Helm, G. Ber. dtsch. keram, Ges., 1932, 13, 196. I^ta 
obtained from a questionnaire issued by the German Ceramic Society to about sixty 
firms are critically examined. The average number of rev/min for cylinders of 1400 mm 
and 1700 mm diameter, viz. 23 and 19 respectively, in wet grinding, agrees closely 
with the theoretical number as calculated by Meilor, Trans, EngL ceram. Sac,, 1910, 
9, 50. The theoretical basis of wet and dry grinding is discussed at some len^h. After a 
detailed discussion of all the factors which influence the grinding eflOknency, it is 
concluded that further work is necessary on the following five factors, both in wet and 
dry grinding: number of rev/min; the ratio of material: grinding medium; water: 
optimum amount of charge; size of grinding media, especially flints; and effect of 
lining material. [P] 

1103. Power Requiremaits Greatly Reduced in a New C<»npomid Tidiniar MilL 
Hermann, R. Concrete, N.Y. (Cement Mill, Section 42), Nov. 1934, 42, 35. The tube 
is divided into five longitudinal cells. The optimum charge of grinding media, 20-40% 
of volume of mill depends on their shape and on the shape of lining plates. This per¬ 
centage determines the speed of the mill and power requirements. The distance of the 
media from the centre of the mill creates a reverse moment of rotation. It is shown how 
the power requirements of the mill may be calculated from the mill data. 

1104. Tests with Different Sizes of Bali MiHs. Heywood, H. Combustion Appliance 
Makers' Association, Docuinent No. 1650, Rev. No. 18/03/31, 18 Feb. 1938. Tests 
showed in grinding with different coals that perfect dynamic similarity for the mills of 
various sizes was not obtained, but that it is possible to bring different size mills to a 
common basis of co-ordination. Graphical presentation of results. [P] 

1105. Fine Grinding Machines. Hinchley, J. W. Crush. & Grind,, 1931, 1, 39-40. 
Size reduction may take place by three distinct methods: crushing; shearing or grind¬ 
ing; impact. Grinding machines may be classified according to vdiich of tfa^ methods 
predominates. The various types of machines are discussed from this point of view. 
The author regards crushing as superior to shearing or impact and mentions the ball 
mill as being the machine where all these occur. For wet grinding, he recomn^nds 
rev/min to be 200/^-2(^=feet) or 200/(12d)-2(^=in.)=87*4x^^2 and higher speeds 
for dry grinding. He considers ovoid shape of ball media to be better than spherical 
media. 

1106 Tumblii^ Mill Capacity and Powa- Co^iimpdoa as Related to Mill Speed. 
Hukki, R. T. Min. Engng, N. Y., 1954,6 (7), 72B-30. Tteory indicates that the general 
equation relating mill capacity and speed=r(capacity) = CAT"* ton/h, where m is 
between 1 and 1-5, and C is a factor related to the grinding characteristic of the 
ore, method of reduction, and units choserL Data indicate that the expression is reason¬ 
able. 7 refs. 

1107. Model Experionients with a Bali MSB. I. G. Farbenindustrie. Obtainable in 
microfilm or photostat form from: Lending Library Unit, D.S.I.R. Reel No. M-91, 
FDX 523, p. 2, Frames 1664-90, 1947. Observaticms firom operations of a glass-sided 
ball mill ^ mathematically interpreted and design data are deduced. 

1108. Experiments m the K<Hizaitra Fitm&at for BaH MSBs. 1. G. Farbenindustrie. 
Obtainable in microfilm or photostat form from: Lending Library Unit, D-S.LR. 
Reel No. M-91, FDX 523, p. 2, Frames 1711-36, 1947. The fita^nt intrc^uced by 
Krupp Gruson consists of an arrangement of baffles as illustrated. Experiments on 
batches of dyestuffs are described. 

1109. The Effideocy of Tube MBls. Jacob, K. SUikai-technik, 1953, 4, 73-4. A 
‘composite efficiency’ number is sugges^ as a measure of the efficiency of any type 
of tube-mill grinding any type of materiaL This number is obtained from a formula 
derived from the following individual calculations: (1) power consumption (kWh) on 
the main shaft, (2) output (ton/h), (3) specific output (kg/kW/h), (4) output per cu. m 



218 


CRUSHING AND GRINDING 


of grinding space, and (5) residue of ground material on a B.S, 170 sieve, and a factor 
relating to the type of mill and product as shown in the table provided. 

1110. D^>aMlaice of Grinding Capacity on tbt Degree of Filling of Tube Mills. 
Jacob, K. Silikat-technik, 1955,6 (6), 260-1. Tests and theory show that the optimum 
bail filling is 0*28. Curves for practical use are given. [P] 

1111. Grinding. Joi^L, A. Bull, Soc, Franc, Ciramique, 1950, 420; 1951, 15. Sum¬ 
marizing his studies on the theory of grinding, the author explains the principles of 
the operation of bail mills, tube m^Us and Alsing cylinders. The balls should not occupy 
more than 45% of the volume of the cylinder, and the latter should not rotate too 
rapidly, otherwise the bails and charge are merely centrifuged with no grinding action; 
neither should the speed be too slow, in which case the path of the balls is too close 
to the cylinder wall to be effective. Moreover, if the speed of rotation is rather low, the 
larger balls tend towards the centre and the smaller ones towards the walls, whereas 
the reverse is true if the speed is rather high. It was also found that the specific surface, 
which characterizes the fineness of the product, is exactly proportional to the duration 
of grinding for a period of about H hours, after which it remains constant. The max. 
fineness obtained depends therefore not on the grinding time but on other factors such 
as the humidity of the material and the size of the balls. The surface of the grinding 
bodies should be between riffth and -jfeth of that of the material to be ground. A 
brief example indicates the calculations for the wei^t and diameter of the grinding 
balls. 10 figs. Trans Brit, Ceram, Soc.^ 1951,50 (2), 61, Abstract Section. 

1112. latmal Medtanism of the Ball Mifl. Joisel, A. and Birebent, A. Rev, Mater. 
Constr., 1951 (434), 311-20; (435), 347-55; 1952 (436), 7-12; (437), 46-52; (438), 
70-4; (439), 93-101. After a historical review, consideration is given to ‘theories of 
ball trajectories, grinding power, the charge and its movements. The second part 
con^jrises an experimental study which confirms the theory developed in the earlier 
parts with regard to speed of rotation and degree of filling. See also Buhl, tech. Cent, 
Industr, Lkmts hydrauL, No. 51, 1952. Mechanics of Ball Milling; abstract in Ann, 
Min., Paris, 1953,142 (11), 15. 

1113. Modmi Ban- and Pdiye-MSH Tedmique. Kendall, S. W. J. Oil Col. Chem. 
Ass,, 1932,15, 66-96. The following types of ball mills are in use: (1) those with stone 
linings and balls, of which Belgian silex and Danish pebbles are the most satisfactory; 
(2) those with porcelain balls and linings; (3) cast-Fe or steel mills with cast Mn-Cr-Fe 
al^y or forged-steel balls (Brinell hardness should be not greater th an 500). Ti^tly 
coiled, hardened steel spirals are efficient grind media. Mills over 3 ft in diameter 
should be geared. Water-jacketed nulls should be used for material sensitive to the 
slightest heating effect. Cylinders with the internal surface corrugated give increased 
eflSden^. Eccentric ball mills give more rapid grinding, but with increased power 
oc^umption. A modem development is the use of lifting bars parallel to the axis of the 
miH and spaced 12-24 in. apart and i-i diameter from the internal surface of the 
cylinder. Rubb^ linings (usually 1 im thick) when not affected chemically or dissolved 
by the material being ground, last six times as long as 4-in. silex linings. Rexman 
balanced rod mills give incs^eased grinding and reduced power consumption. The 
^xtalli^ are the balls, subject to the limitation that they do not float in the mixture being 
^Dui^ the better is the grinding. For mills of the same diameter steel balls are more 
effective than pebbles. The \vorking speed (formula given) should be such that the balls 

carried to the highest point of the null, from which they cascade rapidly. The best 
grinding speed is that requiring the max. power. The balls should occupy 45% of the 
the mill and the voids betw^n the balls (= 18% of the volume) should be 
material (e.g. paint) ben^ ground. In practice the material occupies 
55-WX ci the volume to save handling char^. The working life of a lining is 10 000 
ih& wear on the balls varies from 1-3% for cast alloy to 20-30% for porcelain 
balls per 1000 hours. 10 refs. 
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1114. Ball Wear in Cylindrical Mills. Ketelbey, H. F. W. J.Chem, Soc, S, Afr,^ 
1943, 44, 20-4. Batch-grinding in a small laboratory mill suggests that grinding with 
large and small balls is most efficient when the total surface areas of the two types of 
ball are equal. Relative wear varies as surface area only when equal volumes of the 
two types are present. 

1115. Gold Mining in the Witwatersrand. King, A. 1949, Transvaal Chamber of 
Mines, Johannesburg. Chap. Ill, pt. 1, pp. 69-91. Tube milling, following fine crushing 
in stamp mills. General description of process and equipment, with illustrations, 
drawings of parts, and tables of performance results. Particular attention is paid to 
liners. [P] 

1116. Pebble or Ball Mills for Grinding. Kleinfeldt, H. F. Ckem, metalL Engng, 
1923, 29, 436. Discussion of factors affecting fine grinding and of the desirability of 
combining grinding and mixing in a single operation. An example in the paint industry. 

1117. Grinding Circuits Applicable to Cement and Aggr^te Industries. Klovers, 
E. J. Rock Prod,, 1952, 55 (2), 123-32. The author examines different circuits for wet 
and dry grinding, single-stage and multi-stage, open and closed circuits. The principles 
are pointed out with the help of diagrammatic sketches. 

1118. Study of tbe Grinding Process in Small Ball Mills. Krug, H. and Schw^andt, 
K. Keram. Rdsch., 1932, 40, 93, 126. The effect of varying certain conditions on the 
fine grinding operation in small ball mills was studied. Experiments were carried out 
with specially hard porcelain ball mills, in which there was practically no wear on the 
walls. The material groimd was porcelain glost pitchers. The results are tabulated. 
The grinding effect increased with increasing quantity of balls and also on increasing 
the size of the balls. The effect of the quantity of water is of comparatively less im¬ 
portance. The quantity of material being ground affects the grinding period directly; 
there must be sufficient empty space in the mill to permit efficient grinding. In practice, 
the same quantity of material to be ground will always be fed to the mill. The grinding 
effect increases with increasing number of revolutions up to the point where the centri¬ 
fugal force is too great to allow the balls to fall from the walls of the cylinder. 

1119. Fine Grindii^ Investigations at Lake Sii(»re Mines. Lake Shore Mines Staff. 
Trans, Canad, Min. Inst, (Inst. Min, MetalL), 1940, 43, 299-434. A report on seven 
years experimenting on grinding Lake Shore ores, with major emphasis on tube milling. 
The investigation is essentially a fact-finding one. No theories are developed- The object 
of the work was to increase the capacity of the plant and if possible to reduce costs of 
unit grinding at the same time. A thorough investigation was made on screens, infra- 
sizers and their correlation. The Haultain infrasizer was in effect an air elutriation 
process done in a series of tubes whose diameters increase by the square root of two, 
making the critical air velocity decrease successively by half. The standardizing that 
results is presented graphically, as well as the results of test runs. Dm types of failure 
in infrasizing were thoroughly investigated, the effect of variables analysed and the 
possibility of use for separation of ultra fine sizes was investigated. Tabular comparison 
of data obtained by Lake Shore Mines with that of other firms is given. The second 
section of the report pp. 352-395 devoted to presentation and discussion of data 
obtained over the period 1933-35 on fine grinding in ball and tube mills with varying 
conditions of operation with a substantial subsection on ball wear. Smaller sections 
deal with laboratory investigations, pp. 401-13, and with classification reports. A 
discussion on the defects of screens and the calibration of 325-ir^sh cloth is presented 
on pp. 306-11. No specific relationship between the sieving value of the screen and 
the various dimensional features is evident although there is an apparent tendency for 
the sieving value to follow the average aperture size, it is apparently impossible to 
define the sieving value of a screen from dimensions alone. Calibrations from practical 
tests, which can be related to the results from an arbitrarily chosen master sieve, are 
recommended. The calibrations will not of course be the same for different materials. 
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Standard screen analysis procedure is described. This report is one of the most 
comprehensive reports to be found and contains many illustrations, curves, tables, etc., 
with a few references included in the test. A previous report is referred to in Trans. 
Canad. Min. Inst. (Inst. Min. Metall^, 1936, 39, 279-434, by the Lake Shore Mines 
Staff. [P] 

1120. Ball Min with Bkonkal or Cylindrical Drums. Lebedev, A. N. Bull. All-Un. 
Heat Engng Inst. (Izv. Vsesoyuz. Teplotekh. Inst.), 1947, 15 (6), 15-21; Chem. Abstr., 
1950, 44 (13), 5652h. From extensive experimental data on the pulverization of coal, 
it is concluded that the biconical has no advantage over the cylindrical drum mill. 

1121. The R^narkalde Case of the Copper Hill Ball Mill. (Hardinge Tricone Mill.) 
Lewis, F. M. Engng Min. /., 1953, 154 (^, 86-9; (9), 80-3. Improved performance 
with copper ores has been attained by reducing the ball load. Results were a 5% increase 
in tonnage, 25% reduction in horsepower, less wear and 16% reduction in flotation 
a^t. The overlying pool with less ball charge permits sinking of the heavier sulphides 
for further grinding, and discharge of the lighter gangue. 35 tons of one-inch balls 
were used instead of the full charge of 55 tons. Appreciations are given by H. R. 
Banks, H. E. T. Haultain, D. H. Fairchild, Lendrum and Parc, A. O. Gates, L. E. 
Djingheusian. The latter connects the ball load with the operating speed. Illustrations. 

1122. Bafl-, Tube-, and Pebble-mills. LojNiAS, J. Int. chem. Engng, 1949, 30, 461-4. 
Ihe constmction, operation, and applications of the various types of mill, including 
rod- and combination-mills, are described. The replacement of the spur gear drive of 
tube- or combination-mills by a central drive results in a power saving at the switch- 
b<^d of 9*4 kW per 100 kW consumed by the miU. The advantages of compound 
mills of large capacity are discussed and operating characteristics are given for a mill 
45 ft long by 8 ft 6 in. diameter. The stored energy at full speed of the empty mill is 
about i that of the mill loaded with the mixed grinding media (75 tons). At full speed 
(20*5 rev/min) ^e angle of the cascading mass (75 tons of media-I-11 tons grit) is about 
50° to the horizontal; about 5 full turns are made before this position is reached, a 
nonnal mill requiring a starting-up torque not greater than 110-115% of the full 
load torque when a starting-up period of not less than 30 seconds is used. Also Int. 
Industry, 1949, 30 (10), 461-4. The power absorbed by a machine-cut gearing is 12% 
of the total driving power when new, and 15% when worn. 

1123. Low Piflp Le?el Ball MflL Longmore, E. L., et al. Canad. Min. metall. Bull, 
1937, 85; Bull. Instn Min. Metall, Lond., Feb. 1937. 

1124. Tbe Ban MilL McLaren, D. C. Canad. Min. J., 1944,65,21-7. A discussion of 
the practice of n^ grinding. A comprehensive review of the developments within 
tte last ten years is discussed. 30 refs. Some 15 variables in ball mill design and opera- 
tion are discussed. A short discussion of rod milk follows. 

loii^ Grindii®. McLARpt, D. C. Ccmad. Min. J., 1943,64, 705-11; 

1944, TO, 153-9. General considerations of size reduction and a more detailed discussion 
of to individual factors in a baU or tube miU which affect size and output. In the second 
artide to design features of tube mills are discussed. 30 refs. 

11^. Mje Mai GTBidii«, wift l^iecial Reference to Grindii% in a Current of Air. 

G. Trans. Instn chem. Engrs, Land., 1926, 4, 42-55. The author found that 
m a current of air did not appreciably save power. Compares measurement 
of quartz surface Iqr the amount dissolved in 1 hour to that by amount dissolved 
a qiptz cuboid. Describes electrical method of measuring power used in baU 
^ CTUshmg. BaU miU experiments showed that the surface produced is proportional 
to work, tat when grinding very fine the amount of surface produced falls off, 
wbidi IS ascnbed to a cushioning of tlw charge. See also Martin et al., under Funda¬ 
mental Aspects, General Papers. 

1127. Sadies kQ4HiderCihidi^MELLOR,J.W.rra/w.£«^/.ceraw.,Soc., 1909-10, 
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9,50-73. Following a theoretical consideration of the motion of pebbles in a ball mill, 
consideration is given to the best speeds for dry and wet grinding to obtain maximum 
efficiency. Slab mills, eccentric ball mills and conical mills are described. 

1128. A Re\1ew of Modem Ball Metcalfe, J. E. Mine Quarry Engng^ 

1945, 10 (1), 3. A discussion is given on the work done on ball milling including the 
theory of ball milling, feeding and discharge and feeding and discharge equipment, 
fineness of grinding and the classifier. 

1129. Grindii^ Ceramic Matodah; In Ball, Pei^ie, Rod, and Titbe Mills. Metz, G. F. 
Bull, Amer, ceramic Soc,, 1937, 16, 461. A study is presented of the so-called slow-speed 
types of apparatus, i.e. the conical and cylindrical ball and pebble mills, tube mills 
and rod irdlls, employing the impact or attrition method of grinding or a combination 
of both. The principles of open v. closed circuit grinding are discussed. A list of 
nine typical grinding problems is given with their solutions in detail. Finally, a number 
of general rules are cited which should be applied in the selection of any one of the 
mills discussed. 

1130. Recent Developmeits in Grinding Ceramic Matadals in Pebble, Ball, and Tube 
Mnis. Metz, G. F. Bull, Amer. ceramic Soc., 1945, 24, 357. Grinding liners and balls, 
flint, Jasper adamant, zircon and porcelain, are compared for life and effidency. 
The problems of grinding hard and fibrous materials are discussed. Mixing of fine 
powders and grinding to desired screen-size proportions of granular fines and moist 
materials are described. The importance of grindiog in flotation separation is stressed, 
and the type of mill is given. Auxiliary equipment, such as control of feed by the Electric 
Ear, is considered in detail. 

1131. Determinaticm of Ball Mill Size from Chii^lalHlity Data. Michaelson, S. D. 
Ceramic Age, 1945, 46, 141; Tech, Publ, Amer. Inst. Min. Engrs, No. 1844. See under 
Grindability. 

1132. Pigment Dispersfon by Ball and PeWde Mills. Mills, W. G. B. Nat. Paint Bull., 
Dec. 1946, 10, 5-6. A detailed account of the mechanism of operation of ball and 
pebble mills and the conditions requisite for maximum efficiency. MeUoris formula 
for mill speeds is quoted, and examples of efficient operation are given. 
Re v/min=43 -3 V1 HP — d) . 

1133. Control of Grindii^ Mills. Mitchell Engineering Co. Australian Pat., 
161028, 1952. The level of the material in a mill is controlled by introducing a stream 
of gas at a pressure higher than that in the mill. It is applied periodically to scavenge the 
system. The rate of supply of feed is adjusted to the air pressure. 

1134. Wet Grinding E nameL Moren, G. Verre et Silic. industr., 1947, 13, 22. Mill 

speed is determined by two factors. The first function of linear speed is to cause the 
pebbles to roll on the walls and on themselves, and also to pull them towards the upper 
part of the mill in such a way that a pebble rides jBrom the wall to the top of the pile, 
but instead of falling, rolls down over the upper surface of the inclined pebble bed. 
The latter is a function of centrifugal force, which must be able to keep a pebble at a 
hei^t equal to 2/3 dian^ter. Various formulae have been offered by different authors. 
Stuckert {Die P^il Fabrikation, 2te. aufl. 1941, p. 184) estimates that speed must 
vary from for large mills to n=32^/d for small mills. A graph relates speed, 

weight of pebbles and additions for a mill of one metre inside diameter. 

1135. Modam Tendmnes, in Ammcan Ore Dressing Plants, in Cnu^iing and Grbid- 
ing. Mortsell, S. Tekn. Tidskr., Stockh., 1949, 79, 601^. In American ore dressing 
plants the tendency to run ball and tube mills at lower speeds has continued and is 
considered to improve efficiency and reduce lining wear. Larger mifls are, of course, 
necessary for equivalent output. 

1136. ImproT^ents Relating to Cbaiging Ball <wr Rod Mffils with Fine Material and 
to D^tediarging MataiaL Mora, H. Brit. Pat. 686983-4, 1949/53. A method is claimed 
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for discharging a ball or rod mill by pneumatic means in the continuous grinding of 
finely divided material. 

1137. T!]^ Causes of Caking and Scale Formation in Tube Mills and the Remedy. 
Muhlhauser, R. TonindustrZtgy 1954, 78, 371. Two methods are usually applied: 
(1) The addition of a harder material which remains granular and tends to part from 
the grinding media and remove adhering material. (2) The addition of carefully regu¬ 
lated quantities solids or liquids which tend to vaporize with the development of heat 
and so clear the grinding media. The author, however, uses the addition of a cleaning 
or polishing agent, which, in regulated quantity, enables the grinding media to rub 
th^selves clean. 

1138. Some New Views and Methods of Interpretation. Murkes, J. (Royal Institute 
of Technology, Stockholm.) 0,E,E,C. Technical Assistance Mission^ No. 127, 1953. 
1954, O-E.E.C., Paris. Obtainable from H.M. Stationery Office. Outlines the work of 
the Research programme at the Royal Institute of Technology, Stockholm. He points 
out how a transfer from 60-mm balls to 30-mm balls saves about 20% of time in 
grinding to a specific size and how the classification quotient also is lowered (in grinding 
diabase). Even on long grinding the quotient is much less for small balls than for large 
ones. A smaller quotient is obtained with rods, on parallel lines to the smaller balls. 
He briefly reviews the work on Fahrenwald, Lee and others in the developing the idea 
of optimum ball size, and quotes Olevsky’s formula and statement that an optimum 
ball corresponds to the lowest grinding time reqxiired for a given degree of fineness. 
A series of curves illustrates the advantages of smaller balls. 4 graphs. For classification 
quotient. See No. 100, Kihlstedt. 

1139. Pn^^ress Report on Grinding at the T^mnessee Copper Co. Myers, J. F. and 
Lewis, F, M. Min, Engng, N.Y., 1950, 2, 707-11, 1133-66; Trans. Amer. Inst. min. 
inwtalL) Engrs^ 187, 707-11. The first year of experimental operation of a large dia¬ 
meter slow-speed ball mill with 1-in. balls, including a hydro-oscillator, and with and 
without classifiers. Operating data with the Hardinge Tricone Mill. A slow-speed rnfll 
with small balls offen an interesting field of investigation. A 28% increase in efficiency 
was obtained. 

The second report, 1133-66, presents comments regarding ball consumption and 
data pertaining to the oscillator wMch is closed circuited with the tricone mill. A study 
and postulate of how balls function is presented. Cascading and impacting of balls is 
unnece^^ and mefficient for the fine ore particles from a fine crushing rod mill. 
Reconciling grinding efficiency with good metallurgy is still a problem. Diagrams of 
ball wear and particularly to polyhedrons. [P] 

Cootrffiiifioti to the The<Mry of Tube Mills. Naske, C. Zement, 1929, 18 (11), 
23^ Build. ScL Abstr., 1929, 2, 194. A critical examination of Fischer’s theory of the 
tube mill apxirding to which the comminution is effected by impact alone and not by 
grinding vrith or upon the heap of balls in the revolving mills. On the basis of the power 
consumption of a tube mill, it is concluded that the theory does not hold and that 
comnunution is the result of both grinding and impact. 

„ ^ New Theory for the Ball MiD ai^ Some of its Applications. Neronov, N. P. 

^ tech. sci. (Izv. Akad. Nauk., U.S.S.R., O.T.N.), 1949 

traplation may be consulted at D.S.I.R. Ref., Records Section, 5122, 
1951. A mathematical analysis of the motion of shell and charge of a ball mill. To the 
two n^gnized stages of the ^tion of the baUs, the author adds a third, that is the 
^ge firom instant of leaving the drum to the beginning of the parabolic motion. 

In l(^2-3, L. B. Levraison comments on the paper, and the author replies on 
p. 184. 

on flie Use BaD Afills. Ouroi, J. Pemt-Pigm.-Vern., 1952, 
z» 544-8. An account of some conclusions readied, following the application to 
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ball mills of theories of the dynamics of fluids, and a simple method of calculating 
and determining a priori the theoretical composition of the paste to be fed to the mill. 

1143. Recent Basic Advances in Fine Grinding of Minerals in Wet Ball Mills. Apfiilca- 
tion to Mineral Dressing. Quittkat, G. Z, Erzbergb. Metallhuttenw,^ 1949, 2 (1), 6~14. 
A discussion of movements of charge in the ball mill, the effects of variables and 
modifications in the design of mill and gratings. A short surv'ey of theory precedes. 

1144. Fine Grinding in Tube Mills. Pearson, B. M. Rock Prod., 1952, 55 (12), 106. 
The reduction of electrostatic charge is described. See under Dust Hazards. 

1145. The Coal Pulverizing; Plant at the McGill Smelter of the Kennecott C<^>per 
Cotimi. Pesout, E. Trans. Amer. Inst. min. {metalL) Engrs, 1946,169,197-202. Descrip¬ 
tion of airswept ball mill equipment, and performance data. See under Coal. [P] 

1146. Controlled Milling of Ceramic Materials. Podmore, H. L. Pott. Gaz., 1952, 77, 
1740. In the ball milling of ceramic materials, efficiency is rai^d by use of a defioc- 
culant. Practical examples are given of operations of batch grinding from which it is 
possible to work out grinding efficiencies on the basis of grindability comparisons, 
physical characteristics and surface area requirements. An example is given of the 
calculation for power requirements for grinding borocalcite to a desired fineness, on 
the basis of its behaviour as compared with a known felspar determined experimentally. 
Relationships are presented graphically. Rittinger’s law is assumed to be valid in this 
paper. 

1147. Tests on Tube Mill with Air Separates. Perfmnaiice Data for the Process are 
Determined. Prockat, F., Rammler, E, and Muller, W. TonindustrZtg^ 1934, 58 (11, 
12, 13, 15). The test procedure described is a useful guide to the testing of similar mills 
pulverizing coal. Data on the following relations are presented graphically: air flow 
against throughput, throughput against fineness, total surface of product and residue 
on a No. 70 D.I.N. sieve, kW against airflow and kW against throug^^)ut. The total 
surface produced per hour is almost constant for all rates of pulverizing. Curves of 
kWh/ton against fineness and against throughput summarize the results of these 
tests. [P] 

1148. Sub-sieve Sizes in Mineral Dressing. Pryor, E. J. Min. Mag., Lord., 1945, 72, 
329-37. The author discusses the formation of sub-sieve sizes (-200 mesh) in the 
ball mill and their examination, including the determination of sub-sieve surface area 
by means of turbidimeters and gas-adsorption methods. 

1149. Getting the Best Produetkm firom a Ball or Pebi^ Mifl- Redd, O. F. Bull. 
Amer. ceramic Soc., 1940, 19, 253. A discussion of each of the operating variables in 
ball and pebble Tnilk and their inter-relation is presented. Th^se variables are: 
speed; the amount of grinding media; the size of grinding media and of material 
charge; the amoxmt and consistency of the material. A standard set of operating condi¬ 
tions is chosen and the efiect of deviations from each variable is discussed. 

1150. A Physical and Chemical Basis for Mill Selection and Operatioii. Redd, O. F. 
Off. Dig. Fed. Paint Vam. Prod. CL, 1952 (324), 29-41. Discusses basic principles 
influencing selection of grinding equipment, especially ball and pebble mills. 

1151. Ball Mills. Reinhold, K. TonindustrZtg, 1916, 40, 102. The advantages of 
ball milk for brick and tile makers are discussed. See under Ceramics. 

1152. Some Miysico-Chanhal Problems in CimstnictMHi. Rideal, E. K. Chem. Ind., 
Land., 1946,65,210. Grinding in a ball mill may involve both direct impact and shear. 
If friciion or attrition is playing a part a considerable percentage of fines is produced, 
whereas if there is impact a more granular product will result. The ‘viscosity factor’ 
will also be of importance in controlling the movement of the powder in tl^ mill. 
Roughness also plays a part in determining tte work of shearing a powder. 

1153. The Probability Theory of Wet Ball Minii^ and ite Api^ykatk®. Roberts, 
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E. J- Min, Engng, N.Y., 1950, 2, 1267-72; 1951, 3, 1219; Trans. Amer. Inst. min. 
(metalL) Engrs^ 187, 190. Reasons are given for discarding the two methods of 
evaluating grinding efficiency, (a) by new surface developed and (b) percentage passing 
a particular screen. Unless it is taown how classification affects grinding, it cannot be 
hoped to improve classification effectively. A theory was developed based on the 
chances of a particle being crushed in a particular bail mill arrangement, and on the 
classification of the feed, it being proved during the tests that the rate of reduction 
through any mesh is rou^y proportional to the percentage above that mesh. It is 
also shown that the rate of reduction is substantially proportional to the h.p./ton 
applied to the balls, and is independent of the size of the mill. A relative grindability 
procedure is outlined. 6 refs. 

1154. Calciiktioiis made on the Rotary Furnace and the Tube Mill. Rock, E. 
TonmdustrZtgy 1942, 66,420-5. A mathematical analysis of the operation in the aWe 
milis based on dimensions of the plant. 

1155. Sizrgli^ in Ball Mills. Rose, H. E. and Blunt, G. D. Paper to the Institution 
of Mechanical Engineers, June 1956; Summary in The Chartered Mechanical Engineer^ 
June 1956. The paper shows that for speeds of rotation greater than 0*15 critical speed, 
the existence of surging will depend on D/d and on Ju where D is the diameter of the 
mill and d the diameter of the charge, J is the fractional filling of the mill by the ball 
charge and « is the arithmetic mean of the coefficients of static and dynamic friction 
of the ball and powder charge. (1) For speeds less than 0*15 critical, surging is not 
likdy to occur. (2) For greater speeds, the existence or otherwise of surging may be 
established by noting the zone on a graph of Ju plotted against D/d in which the point 
corresponding to the operating condition of the mill falls. The test results suggest that 
this criterion applies to both mills with unbroken cylindrical surfaces and to mills 
fitted with loading hatches. It is shown that nearly a hxmdred large industrial mills for 
whidi data are published are operated under conditions which accord with the 
aiterion given and so, even though ihd criterion is to some extfat empirical, it is 
adequate for design purposes. The experimental study was conducted with small scale 
models. 

1156. The Dynamics of the Ball MilL Pt 1. Power Requirements Based on the Ball 
and Shell System. Pt Z The hofiii^ice of the Powd^ Charge on Power Requirements. 
Rose, H. E. and Evans, D. E, Institution of Mechanical Engineers, Paper, June 1956. 
In Pt 1 the relation between dynamic variables and power requirements to drive a ball 
mill, contaming a ball charge but no powder charge, has been investigated by means 
of small scaJb models. The functional relations between dimensionless groups are 
givmi analytically or by means of graphs. Mills with lifters and without lifters are best 
treated as separate cases, but the variation in the number and size of lifters has little 

on power requirements. As a result of this work, the power input required to 
drive a mill grinding powder may be calculated with reasonable accuracy, and examples 
of these calculations to large mills are given. In Pt 2 the relation between the relevant 
dynamic variables and the power required to drive a ball mill containing both balls and 
is e^bhshed. By means of the results in Pt 2, the power required to drive a 
mill in wffikh a granular material is being diy ground may be calculated with an 
accuracy suffic^it for design and operational purposes. The additional power required 
vffien the miH is grinding powder is in proportion to the excess weight as compared 
with the balls aloi^, provided that the powder does no more than fill the ball voids. 

1157. A Mathematka! Ana^^ ffie Internal Dynamics of the Ball Mill <hi the 
Ba^ PrdbaMiy Theory. Ro^, H. E. Paper to the Institution of Chemical Engineers, 
Lon^m, 7 Nov. 1956. This is probably the first paper in which the subject hgs been 
^udied from a purely theoretical standpoint of the probability of occurrence of the 
varkms processes taking place within the active zone around the contact points of balls. 
Expressions for ffie evaluatkm of the most important characteristics of the ball mill 
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have been deduced on the basis of a number of postulates clearly stated at the commence¬ 
ment of the analysis. The more important of the conclusions drawn have been verified 
by experiments upon a ball mill enclosed in a calorimeter. It is shown that Rittinger’s 
law for a ball mill has no theoretical justification, any straight line being obtained 
being solely due to conditions of grinding, and that finer grinding can sometimi^ 
be obtained when the void space is not completely filled with powder. This increase is 
at the expense of increased ball wear, a feature which has been observed in practice. 
It is also shown on theoretical grounds, that the rate of grinding attains a maximum 
when a definite fraction of the void space is filled with powder. A series of 11 curves 
embody relations between the variables considered, i.e. probability of particle being 
crushed, relative hardness of ball and particle, spe^c surface and time of grindiri^, 
equilibrium number of particles and filling ratio, total wear, change of surface, specifk: 
surface and energy absorbed to the filling ratio. 

In the discussion, the author refers to the paper by K. Engels in Metall, 1954,8 (3/4), 
102-7, ‘The Mode of Action of Ball Mills in Fine Grinding’, where for grindiag hard 
materials the ball media should be made of tough but not hard material, so that 
penetration of the ball surface by the product grains reduces wear of the metal, 

1158. Prioress in Ball Mill Design. Rudorff, D. W, Bigng Boil Ho. Rev., 1940,54, 
180; Ceramic Abstn; 1940,19, 240. Grindability or relative resistance to pulverization 
and the influence of moisture content upon ball-mill output are discussed, particularly 
in relation to pulverized coal. Data on power consumption for certain types of ball 
miU are given, including data for the Russian ball mill ^ridkin drive). It is concluded 
that smaller balls reduce the amount of extremely fine material, 0-10 microns, and 
increase the 15-30 noicron sizes. Operating and physical data are given and fluctuations 
in ball size during operation owing to wear are presented graphically. fP] 

1159. Slag Grinding Tube Mills. Sandt, P. G. van. Concr.-Cem. Age (Cement Mill 
Section), 1913, 2 (3), 29-30. The low horsepower consumption, repair cost, and their 
reliability make them the most economical machine for Portland cement manufacture. 

1160. ApiNTOximation of Eiiergy Efficiencies of CtHnmercial Ball Mills by tihe Enefgy 
Balance Method. Schellinger, A. K. and Lalkalka, F. D. Min. Engng, N.Y., 1951, 
3, 523-4. Trans. Amer. Inst. min. (metalL) Engrs, 190. The controversial nature of 
energy efficiency figures led to an approximation of such effickncks by an energy 
balance of kinetic, heat and surface energy for a mill grinding cement raw materials. 
All considerations gave the energy efficien<^ approximation formula: 

_ ^ ™ Thermal Energy Output \ 

Percentage Energy Effiaency = ^ 1 - Kinetic Energy iSiJF 

Results of calculations made by and with ^ methods and data discussed are tabulated. 
Thermodynamic efiBdendes obtained by these approximations seem to confirm the 
results of other workers. 

1161. New Ban MBL Schotten, W. Metali, 1950, 4, 276-8. Chem. Abstr., 1950, 
44 (20), 9194g. To grind small quantities of hard material to a vray fine powder, a steel 
tube, three-quarters loaded with steel balls is used. Mattematical theory of ball mill 
grinding is discussed. A fineness of 0-1-0-5 micron can be obtained in a few minutes. 

1162. Ban-min Practke. Sechrist, H. Proc. Parcel. Bum. Inst., Forum. Oct. 1939, 
136-47; Ceramic Abstr., 1940, 19, 154. As ball suk decreases, total milling time 
decreases. In a 3 x 4-ft. belt-driven mill, using one half 2-in. and one half l^-in. balls, 
there is a 25% saving in productim time over any other combination, and no unground 
frit is left in the milL The loss in wei^t of the balls is practically the same in evray 
mmhinarinn of ball sizes used. If the balls are all of the same size, the mill linii^ may 
become grooved and wear out rapidly. Ball charge should always be kept at 50-55% 
of the min volume for most efl&ient grading. New balls should be adcfed when the 
old have become worn down to i in. size. The water content must be controlled 
accurately, as too rmieh and too little water both incre^ milling time. Frit charges 
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must be carefully checked; too large a charge requires much longer grinding, and too 
small a charge causes excessive wear on linings and balls. Milling at too high a speed 
can cause loss of set through heating up of the enamel. Tables and charts are presented. 

i 163. Contribution to Ball MSI Tlie<»y. Sedlatschek, K. and Bass, L. Powder MetalL 
Bulk, 1953, 6 (5), 148-53. A suggested mathematical theory. See No. 397. 


1164. Hie Laws of Grindiii^ in Cylindrical Mills. Segutti, T. Rev, Industr, min,^ 
July 1952, 33, 537-46. The author reviews the principles of grinding and the graphic 
presentation of reduction from one size range to another, and also discusses the 
conclusions drawn from the prior experimental work. He then presents the results of a 
large number of industrial trials in cylindrical mills in tabular and graphic form, the 
latter being intended to enable the prediction of results of any proposed grinding 
operation in cylindrical mills. The results presented are for hard and soft minerals and 
for normal and slow-speed operation. [P] 

1165. Cylfoder Gruidiiig. Shenton, R. Trans. Brit. Ceram. Soc.* 1911, 10, 14-32. 
A general description of operations (with costs) of ball mill grinding. Discussion. 

1166. Belgian Experiments in Clinka* Grinding. Slegten, J. A. Rock. Prod., Sept. 
1946,49,60-1. Translated from the French and abstracted by Dr F. O. Anderegg for 
Rock. Prod. The r^ults of over 20 years’ clinker grinding experiments carried out 
in the plant of the Societe Cimenteries et Briquettes Reunies. The conclusions of 
Geof&ey Martin (/. Soc. chem. Ind., Lond.) in the early 1920s have apparently been 
confirmed. These concern optimum size of grinding media and its weight ratio to 
feed weight; the criterion of a residue on a 200 -mesh screen gives no accurate idea of 
tlte work doi^; optimum grinding speed is calculated from the mill dimensions, best 
size and composition of balls. (1) 30-40% ball load is best, but requires proper selection 
of ball sizes and of charge wei^t. (2) The optimum speed is 58 but the tendency 
is to work at 70% critical speed to conserve power. (3) Optimum charge is 30%. 

1167. Griodiiig in Bafl Mm and Tube Mills. Starke, H. R. Rock. Prod., June 
1935, 38, 40-6. Starke studied the following variables, using four grinding mUk of 
var^ slz&s and types for grinding Portland cement clinker: (a) length of grinding 
period; (b) size of grinding balls; and (c) initkl size of particles to be ground. Within 
the conditions of these tests on a commercial and semi-commercial basis, the following 
geneplizations may be stated: ( 1 ) During early periods of grinding in batch mills.the 
specific surface of the charge increases nearly in proportion to time, but during later 

the rate of increase tends to diminish. (2) Mill efficiency is influenced by varia¬ 
tion in tte rate at material is fed to a continuous discharge mill. (3) A miU is 
xno^ efifident in producing surface from the material used in these tests when the ratio 
/ imtial particle diameter \ 

\ (ball diameter)^ / nucrons) is about 600 x 10“*. (The optimum value of 

dq^mb upon the physical characteristics of the material to be ground.) 
(4) Pix^ucte of grin^ at low ratios have appreciable weights of aU particle sizes smaller 
tnantfae diarged size, while those of grinds at high ratios have a small wei^t of 
partteies betwerai x o and ^ the charged size. (5) By scalping the product at commercially 
tei^ibie sizes, high grinding ratios usually yield products of highest specific 

surface. ( 6 ) Materials of equal specific surface will generaUy have particle-size distribu¬ 
tions more i^ly alike when produced at equal grinding ratios. Thirty series of curves 
are presented. [PJ 


11^. Pmb^ (jiBrne Griiidh^ Steiner, D. TonindustrZtg, 1936, 60, 537. Effects 
* clinker and limestone are investigated in a labora- 

mU 22 by Hi in. long. The table gives the time in minutes 

required to gnnd to 20 % residue on a ISO-mesh sieve: 

Sand Qinker Limestone 

Cylpebs 20 nun diameter .67 53 90 

o 1 .” ii ” ^ 48 50 

apoenes 30 nun diameter .73 60 70 [P] 
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1169. Fine Grindii^ in Ball Mills. Steiner, D. Chem, Age, Land,, 2 Oct. 1937, 37, 
274. The Chem. Age quotes the Chemisches Laboratorium fur Tonindustrie imd 
Tonindustrie Zeitung, Berlin, 1937, as describing the position of the different fine 
grinding processes on the continent of Europe. 

1170. Tests on the Hardinge Mill (Of AdjustaUe Lei^^th). Taggart, A. F. Trans. 
Amer. Inst. min. (jnetall.) Engrs, 1918,58,126. An illustrated account of grinding tests. 
Among the conclusions are that the ball mill works more efficiently on material of 
intermediate size (0-5-0-75 in. average) than on either a coarser or a finer feed; that 
steel balls are much more efficient crushing media than pebbles; that increase in the 
weight of the ball load (other conditions remaining constant) increases the ratio of 
production and the relative mechanical efficiency of the mill; that the relative mechani¬ 
cal efficiency of the ball mill increases with the average size of ball in the crushing 
charge up to 5 in. average diameter, and also with the rate of feed to the point of over¬ 
load ; that the relative mechanical efficiency of the mill (other conditions being constant) 
is a maximum at between 40 and 50% moisture content in the feed; that the relative 
mechanical efficiency in wet crushing is decidedly greater than in dry crushing. Work 
accomplished was calculated on the basis of Kick’s law. In discussion, Bell suggests 
that the conclusions might be difierent if calculated on the basis of Rittinger’s law. 
The tests indicated that the effects of mill speed on other variables had apparently 
been overlooked hitherto. Equations and graphs give means of calculating horsepower 
requirements. [P] 

1171. A Study of Particle Size type miIL(In Japanese.) 

Tanaka, T. J. Jap. ceram. Assoc., 1952,60,99. For abstract, see under Cement. 

1172. Ball Min Grinding Studies of Sevaial Ceramic Mater^. I and IL (In Japanese.) 
Tanaka, T. and Satto, N. J. Jap. ceram. Assoc., 1952, 60, 228-30,-362. The materials 
studied were limestone, ganister, coal, cement clinker. Curves are presented showing 
the relations for these materials between residue and grinding time, specific surface 
(permeability method) and grinding time, residue and specific surface on a 0-088 (?) 
sieve. 

1173. A Study of the Pulverization of Coal by Means of the BaH MQI. Wang, J. S. 
Thesis for Ph.D., London University, 1939. A detailed account of results by use of 
dynamometer to measure torque is given. 

1174. Operation of Drum Type MataM Reduction Mills Employing Ball Charges, 
and Material Reduction Mffl Employing Bafi Charges. Weston, D. U.S. Fats 2680568, 
2680570, 1951/54; Chem. Engng, 1954 (9), 258. The miU is provided with hi^y 
upstanding, spaced crusher bars and the method provides for the use of large balls 
occupying no more than about 3% of the miU volume, whfie the total charge copies 
from 20% to 32% of the mill volume. Results are tabulated in the specification, for 
friable and tough material and use of st^l and tungsten carbide balls at 1% of mill 
or less volume, at 84-90% of critical speed. Comparisons of output with and without 
baUs showed no increase for friable material but large increases when balls were used 
for tougji material. 

1175 laves^tion of Medianical Acti<m in Steel Ball Mills. Wheeler, G. B. Faint, 
Oil. chem. Rev., 1948, 11 (25), 12-4. Action in a Lucite mill with glycerol-water 
mixtures or a non-drying alkyd, is studied by a cinematograph record. For efitove 
grinding the diarge should be of viscosity 90-115 Krebs units. A diar^ of ^ 
and i-i liquid appears best. Optimum speed of rotation is just below cntical ^leed. 

1176. The Tlteory of the Tube Mill. Whtte, H. A. J. metall. min. Soc. S. Afr., 1904-5, 
5 290. An equation is developed for ball paths. From experiments made with a stort 
mill vrith end plates, the actual critical speeds wrere found to be greater than 
the th w^rff i ioal owing to slipping. The best speed is defined as that correspondmg to 
maximum torque. 
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1177. Tbe Heory ci Tube MiOing: Whtee, H. A. /. chem. Soc, S. Afn, 1915,15,176. 
Variabks are classified into two groups, (1) concerning design, and (2) concerning 
mill operation. Experiments were carried out in a large experimental mill 6i ft diameter 
by 1J ft long. It was found that with about 50% filling, the maximum power was at 
27 rev/min {86% critical). An oscillograph showed that violent current fluctuations 
occurred, being zero at some instants; also every fourth was different from the others. 
Fluctuations in speed were found to be only sli^t. 

1178. Cascading v, Cataractiiig in Ball Mills. White, H. A. J, chem, Soc. S. Afr., 
1930, 31,1. Cascading occurs at a speed of 10 to 15VD rev/min (5% critical), D being 
the diameter of the circle of reference in inches. With 50% ball loading the outer 
boundary of the ball paths is almost a straight line. At a speed of 150 to 200/ 
rev/min (60-80% critical) the limit of the Imll paths is a parabola reaching beyond the 
lower limit of the rebounding balls. This type of motion is termed cataracting. Data 
are given relating power and speed for various conditions of running. The effect of 
moisture is investigated. [P] 

1179. Grinding Tests on Ccniical XnmnKm Overflow and Cylindrical Grate Ball Mills. 
White, J. Min. Engng, N. 7., 1950,2,96; 1951,3,2004; Trans. Amer. Inst. min. (jnetall.) 
Engrs, 187,190. This paper gives details of the results of careful testing carried out on 
two types of ball mills--conical trunnion overflow and cylindrical grate discharge— 
on identical ore. The object of the test work was to determine which ball mill was 
the most economical to install for future extensions to the Mufulira concentrator. 
3 tables. In this paper an interesting comparison is made between the energy used to 
disintegrate the material by various processes and that required to shatter by impact 
test. The relative efficiencies based on impact tests are as follows: Mine blasting, 
0*7%; crushers, 4-4%; stamp mills, 10-5%; tube mills, 18-6%. (Cf. Bond, 1954, who 
found explosive and mechanical efficiencies to be equal.) [P] 

1180. P, F. Flrk^ Shdl Type Boilers. Wilson, R. Pulverized Fuel Con¬ 
ference, Institute of Fuel, 1947, 543-51. While power consumption is hi^er for the 
ball mill than for the riiig roll and hi^-speed impact pulverizers, it is generally con- 
ce^ that for dependability, low maintenance costs and fineness of grinding, the ball 
mill more than holds its own. The simplicity of the ball mill is its virtue. Performance 
data in the firing of two boilers are tabulated. [P] 

1181. Recofl; Tests of Ball M^ Cm^iing. Winkle, C. T. Van. Trans. Amer. Inst. 
iJi&z. imetaU.) Engrs, 1918, 227-34, discussion, 235-48. Describes the introduction of 
tube mills for ores, to do in one pass what the stamps, rolls and Huntingdon miUg 
could not do. Pebbles became the grinding medium in tubes 20 ft long. BaU mills were 
in use outside U.S.A., but were small and costly. The present paper reports the results 
of con^parison betw^n the new Hardinge bafl miU and the Marcy baU mill. The latter 
^ better on capacity and power consumption. See also Gottesberger, R. B., ibid.. 
Pieprmt, 1918. 

^Sng Chem. {Industr.), 

1935,30, 897-904. A description of the design and mode of operation of all types of the 
ateve mills, with a chart of grinding data for a dozen materials for varying purposes. 
Closed circuit grinding and dassifiers are described. [P] 

11^. RecertBevetopnerfs in the AHJfcatfem of Dry Ene Grinding with Air Classifica- 
WiTCOT, H. G. Rock Prod., July 1930,33, 57-9. Deals mainly with the operation 
of M min with reversed current air classification. Air is blown in throu^ a 

ces^ pipe m the discharge trunnion, and on reversing in the mill itself, provides a 
prenmmaTy classification. 


® Es3ibiiati«i. Zannaius, J. P. Engng 

J., 1955,156 (5), 100, 115. Tlie author has deduced an equation which embodies 
the optimum conditions for the impact forces at the toe of the ball load. The variables 
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in the equation should be so adjusted that the impact stress of the cascading equals the 
crushing strength of the rock at the maximum size of feed. Outside the optimum the 
impact stress will either fail to break or cause waste of energy and slimes. 

1185. Criteria for Oscillaticois of the Media in Ball Mills. Zeisel, H. G. Verein 
Deutsche Ingenieur, Fachgruppe, Staub-technik. Conference on Dust Behaviour and 
Air Purification, Dec. 1955. 

1186. On Drum-Mills. Zeyen, G. TonindustrZtg, 1913, 37 (42), 558-9, 1085-8, 1612* 
Power consumption and performance data under various conditions of operation. 
(This theoretical article was greatly welcomed at the time.) The merits of tube mills v. 
high-speed mills are discussed and capacities per h.p.-hour of various mills grinding 
cement clinker and coals are tabulated. In the last article the author replies to criticisms 
by Stroeder and Beneke. [P] 


OPEN V. CLOSED CIRCUIT GRINDING 

1187. Closed Circuit Grinding. Anon. Edg. Allen News^ 1956, 35 (404). The air 
classification and oversize return system are illustrated for use with ball mills and the 
*Rema’ Ring MiU. 

1188. Frmn Open to Q<»;ed Circuit Grinding with liqpiid Cyclones. Anon. Rock 
Prod., 1953, 56 (7), 62-6. See under Cement. [P] 

1189. Open or Closed Circuit Mills for the Grinding of C^n^t Anselm, W. 
TonindustrZtg, 1950, 74, 11-5. The compound open-circuit ground cements always 
proved superior, especially when very finely groimd. It is also more economical. 
2 figs., 1 table. See under Cement. 

1190. Air Separation Type MBl or Compartment Mill? Borner, H. Zement-Kalk- 
Gips., 1952,5 (8), 242-54. A critical investigation of these two types leads to the follow¬ 
ing conclusions. The greater difference in grinding characteristics between the harder, 
heavier and more valuable constituents and other constituents of the rock, the greater 
the economical superiority of the air separation mill. Present German practice shows 
that the additional air separation equipment cost is only justified if the fineness is to 
exceed 4000 Blaine (cf. Ceramic Abstr., Aug. 1951,143b). Curves of operating behaviour 
and grain distribution for German and American cements are included. 17 refs. IP] 

1191. Qosed Circuit or Op^ Circuit Grinding. Borner, H. Pit & Quarry, Aug. 1954, 
47,117-20. A comprehensive treatment based on performance tests. See under Cement. 

1192. Coal leakage Processes v. Analysis of Closed Circuit Grinding. Broadbent, 
S. R. and Callcott, T. G. J. Inst. Fuel 1957,30 (192), 21-5. The equations of a closed 
circuit (recirculating) grinding system are derived, and a matrix method for the steady 
state is given. The solution is verified in a system incorporating the Laboratory Coiie 
Mill (4 in. diameter). The analysis required is more complex than that for open-cir<^t 
grinding, but the diffic ulties overcome are far greater. No other method of analysing 
such a system is known to the authors. The application of the method to industrial 
problems requires a thorough knowledge of the characteristics of the mill and of the 
classifier involved. Photographs, 14 refs. For other papers on matrix analysis, see 
under CoaL 

1193. Pine Cniidiii^ in Ban MiflsOptti Circuit Cru^iii^. Davis, E.W.rra^^ 

Inst. min. (metall.) Engrs, 1920, 61, 251-3. It is concluded from fuH-scale investigation 
that closed circuit crushing will always have the advantage over open circuit crushing, 
in that the maximum size i)article produced will always be nearer the average size. 
This is a desirable condition, since the size of balls making up the charge must be 
computed on the mayiTmiTTi size particles in the feed rather than on the average size. 
Pages 253—94 of this paper are noted under Ball and Tube Mill Theory. [P] 
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1 194. Grindii^ in a Closed Circuit. Hitzrot, H. W. Chem, metalL Engng^ 1938, 45, 
234-5, 243. 

1195. Ccunparison between Open and Closed Circuit Dry Grinding in a Laboratory 
BaO MilL Liflyand, D. N. and Tuntzov, A. G. Inst, Mekanicheskoi Obrabotki 
Foleynuykk Iskopaemuykh ^Mekhanobr," 15 yr. Socialistic Ind, Service, 1935, 1, 256. 
The closed cycle mill gave more useful capacity, and less overground material. Experi¬ 
ments were made on Quartz and apatite to determine comparative efficiency. A charge 
by 12% by volume of the mill gave the best results in both cases. [P] 

1196. Oosed Circuit Grinding. Perry, J. H. Chemical Engineers Handbook, 1950, 
pp. 930-7. Many aspects of closed circuit ball mill grinding are disclosed, including 
wear and power consumption. A section deals with cement raw material grinding. 

1197. Grindu^ Experiments with an Air Swept Tube Mill. Rosin, P. and Rammler, E. 
Ber, Reichskohlenrates, C.50; Arch, IVdrmew,, 1932, 13, 63. Characteristics of various 
designs of air-swept tube mills with circulating and open circuits. Grinding experi¬ 
ments with pre-dried coal and mill drying systems. Experiments with different grinding 
media. Use of tube mills with air classifier for unit firhig. [P] 

1198. Compaiisoii between Op«i and Closed Cycle of Wet Grimiing in Laboratory 
BaO Mills. Tuntzov, A. G. Inst, Mekhanicheskoi Obrabotki Poleynuykh Iskopaemuykh 
^Mekhanobr: 15 yr. Socialistic Ind, Service, 1935, 1, 302. Iron ore and quartz were 
used for the experiments. The closed cycle mill had twice the useful capacity of the open 
cycte mill of the same capacity size. In both cases, the optimum conditions were 
85-90% critical speed, a ball charge of 45-50% mill volume, an ore charge of 12% mill 
volume and an equal volume of solid and liquid. 

1199. ImfroTm^tts m Tube Mills. Vabl, R. H. Rock Prod,, 1921,24 (9), 39. Accord¬ 
ing to the writer, the closed-circuit system of grinding and air separation have increased 
tl^ grinding capacity of tube mills from 15 to 25%. The advantages are fully discussed* 

WET v. DRY GRINDING 

1200. Dry or Wet GrhidlQg? Anon. TonindustrZtg, 1936, 60, 6. Two sets of experi¬ 
ments with normal sand were run, one with 0-10% water, the other with 25-65% 
water, in a laboratory ball mill. Curves are given showing that, for a given grinding 
period and ti^j usual finenesses, wet grinding gives better results than dry. Optimum 
conditions are indicated at about 55% water. 

1201. New Theory AWs Equiianent Selectiim. Bond, F. C. Chem, Engngr 

1952, 59 (10), 169-71. Discussion of dry v. wet grinding. Dry grinding in tumbling 
mills require approximately one-third more power than wet grinding. Fan power is 
much more than that necessary for a rake classifier of a wet closed circuit miU. But in 
dry grinding, wear is only about one-fifth that m wet grinding. Appraisal is facilitated 
by the author’s new grinding theory; cf. Fahrenwald, 1931, efficiency of wet grinding 

than in dry grinding. 

1202. Grinding Hard Coramte Material. Carini, F. R£v, Mater, Constr,, 1946 (366), 
54- Some points of contrast between the processes of wet and dry grinding are discussed, 
and a comparlscm is made between the Alsing cylinder and ball mills in respect of 
power consumption and the degree of fineness of the finished product. The author 
stresses the need to determine the exact amount of water to be added to a given 
matenal, and the way in which duration of grin ding may be prolonged in order to 
reach a given fineness if this precaution is not taken. 

1203. Reseaixte Mo Wet Grmdu^ Hydraulic Bind^. Chassevent, L. Chim, et 
IruMstr,, 1947,57,327. Compared wiffi dry grinding, wet grinding offers the advantages 
of siii^>licity and ea>nomy in tlK manufactoe of blast furnace slag cements. See under 
Craeat 
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1204. Ball Mfll Grinding. Coghill, W. H. and De Vaney, F. D. Tech. Pap. Bur. 
Min., No. 581, 1937, 56; Chem. Abstr., 1938, 32, 4832. Detailed results for ores under 
different conditions. Concluded that wet grinding of ores gave 395o niore capacity and 
26% more efficiency than dry milling. Ver>’ hard nickel-chromium alloy martensitic 
iron balls were better than ordinary' forged steel balls, particularly with very' hard 
ore. The efficiency of battered rejected balls was 11% less than that of new spherical 
bails. Conclusions not necessarily valid for all classes of ball and tube milling. [P] 

1205. Mechanism of Grinding Fine Quartz Grains in Ball Mills. Klassen, V. I. and 
Popova, E. I. C.R. Acad. Sci., U.R.S.S. {Dokl. Akad. Nauk., S.S.S.R.X 1952, 85 (1), 
149-52. In a laboratory ball mill, using balls 135 mm diameter, dry grinding is most 
effective when the balls occupy only 20% of the mill volume. For wet grinding, about 
50% is best, the sand charge being nearly three times as great as in dry grinding. Dry 
grinding proceeds intermittently, at first intensively, then slowly, and finally with great 
speed. The mechanism is discussed. 

1206. Grinding Fundamentals. Maxson, W. L. Chem. metall. Engng, 1938, 45, 
226-9. The conditions governing dry and wet grinding, notably in rotating cylinders 
(i.e. pebble and ball) mills, are discussed. 

1207. Calorimetric Method for Straying Grinding in a Tumbling Medium. Schel- 
LiNGER, A. K. Min. Engng, N. Y., 1951,3, 518-22. Peak thermal efficiencies for wet and 
dry grinding were found to be similar. See Nos. 145-6. 

1208. Tests on the Hardinge Mills. Taggart, A. F. Trans. Amer. Inst. min. {metall.) 
Engrs, 1918, 58, 126, 177. Includes a statement that the relative mechanical efficiency 
in wet crushing is decidedly greater than in dry crushing. See also No. 170. 

1209. The Theory of the Tube MilL White, H. A. /. chem. Soc. S. Afr., 1905, 5,290. 
Gives a mathematical discussion of ball paths. In dry pulp, the pulverizing action is 
due almost entirely to impact, but with the mill half full of water, the reduction is due 
largely to grinding between the balls and very little to impact. See also ibid., 1915,15. 

HIGH V. LOW DISCHARGE 

1210. Comparismi of Low v. Hi^ Discharge fw Bail Mills. Hollinger Mill Staff. 
Trans. Canad. Min. Inst. {Inst. Min. Metall.), 1937, 40, 85-109, Discussion, 327-31; 
Canad. Min. metall. Bull., No, 298. Conclusion from tests: at a slightly lower power 
consumption per ton and at a lower overall cost per ton, a low discharge mill will grind 
more tons of ore to a given fineness than will a high discharge mill of the same size. 
Various factors investigated and tables of data are given. Wear on balls is investigated 
and illustrated. The Haultain infrasizer is tested. See also Nos. 1067 and 1077. 

VISCOSITY OF FLUID MEDIA 

1211. The Effect of the Solid-liquid Ratio mi Grinding a Cmamic Nmiidastic. 
Schwarzwalder, K. and Herold, P. G. /. Amer. ceramic Soc., 1935, 18, 350. An 
electric-furnace mullite, previously groxmd to pass an 8-mesh screen and of sp. gr. 3*04, 
was wet-groimd with solid-liquid ratios of 2*7 to 1 and 1 to 15 for various lengths of 
time. Grain-size distribution and surface area, determined by the Wagner turbidirr^ter 
method, were compared. The material groxmd with the least water gave a lower per¬ 
centage retained on a 325-mesh screen, fewer particles between 10 and 60 microns, 
and more between 0 and 10 microns. 

1212. Particle Size Studies. Schweyer, H. E. Industr. Engng Chem. {Industr.), 
1942, 34, 1060-4. Particle size distributions in the subsieve ranges have been used to 
study the development of surface and the decrease in top size in pebble mill operations 
using fluid media of different viscosities. Sand was used as a basis for these tests. 
It was foxmd under the conditions used that the development takes place in two sta^s. 
In the initial period the rate of surface development is essentially constant and is a 



232 CRUSHING AND GRINDING 

function of the viscosity of the medium. In the second period the rate decreases and is 
practically independent of the viscosity of the medium. The rate of decrease of top 
size was found to be r^id at the start but decreases with time of grinding and is a 
function of the viscosity of the fluid medium used. In the first period the development 
varied between 50 and 1000 sq. cm per g per 1000 revolutions for a variation in viscosity 
between 401 and 1 *8 x 10“^ centipoises. 14 refs. 

VACUUM BALL MILL 

1213. Vacimai Ball MAI. Elinson, M. M. and Christyakov, F. M. Fact. Lab.y 
Moscow {Zavadskaya LaboratoriyaX June 1949,15, 749. A mechanically operated ball 
mill in which crushing can be carried out in vacuo is described in this paper. The gases 
are pumped off for measurement and analysis. 

1214. The Gases Locked up in Coal. Fischer, F., Peters, K. and Warnecke, A. 
BrenmtChemiey 1932,13, 209-16; Fuel, Lond., 1933, 12, 154. The authors have ground 
coal to less than 10 microns in a ‘mu’ mill. This is a very short-length ball mill, 24 cm 
diameter, and about 2 in. between centres of plates, revolving about a horizontal 
axis. The mill contains six 1 i-in. steel balls moving centrifiigally in the shaped periphery 
(ring and plates), and operating under vacuum at 1-3 mm pressure. In 16 hours’ grind¬ 
ing o^al was reduced to less than 10 microns; but at a lower pressure, 0*1-1 *0 mm^ the 
tin^ was reduced to 8 hoius. 

1215. Griodk^ Caramic Materials m Ball Mills in a Vacuum. Viro, S. E. Keram, 
Sbomik, 1941 (15), 34; Ceramic Abstr., 1942, 21, 65. A vacuum has practically no 
effect on the grinding efficiency of ball mills using either the dry or wet method. 

MILL LINERS 

1216. A Special Ball and Tube Mill Lii^ Plate. Anon. FAg. Allen News, 1950, 29, 
661; 1951, 30, 55. The Henricot liner plate discussed is made with a studded face so 
that distortion of the manganese steel by impact is more or less confined to the face 
without affecting the sole plate. In a stepped liner the grinding media are cascaded 
along a lu^ parallel to the axis of the mill and cause local wear. In the Henricot plate 
the^ blows are distributed all over the plate on each stud head. Advantageous features 
<^ain^d include: concentration of hammering action on wearing part of plate; sup- 
IHession of trouble owing to spreading; advantage retained of a plate base of ductile 
steel; lighter wei^t of plate per sq. ft of area than standard plates; increased grip of 
matoiai and grinding media over whole area of liners by stud formation; elunination 
of wasteful * slip’; increase of linear life, reduction of liner renewal charges and ‘standing’ 
hours of mills; and overall improved grinding efficiency. 2 figs. 

1217. liners for Ball and Tube Milb. Anon. Edg. Allen News, 1951, 30, 1010. In 
g^ral, alloy steel liners have the longest life, but for larger balls and heavy impact 
shod^mangapsesteelliners are usually reconunended; ibid., 1953,32,368. Manganese 
steel is still being used, but t^ds to be replaced by alternative irons and steels which 
c:an be worked more readily. The applications in various types of mins are illustrated. 

Ground, l i nin g Brkk, Ali^rg Cylinders. Anon. Keram. Rdsch., 
1938, 361; Ceramic Abstr., 1942, 21, 240. Practic^al suggestions are given for 

ksigtliening the life of linings and cylinders and increasing efficiency. 

1219. Hk ProbioH Wear (In Ball Milb, Sl&ne Ihimps and HotatiiHi Plant) at the 
Raufeeck MflL Arnoud, O. Z. Erzbergb. Metallhuttenw., Feb. 1954, 7, 65-8. The mill 
^mds PbS and 2hS containing ores. The Hardinge coni<^ mills have ribbed liners of 
^te^aiRi-wedge-bar type and an analysis has been made of the economics of using 
tods made from: (1) grey C.L, (2) unalloyed steel with hardened surfaces, (3) compo¬ 
st of unalloyed steel with hardened steel cover plate, (4) a manganese steel 
oontainiiig Mn, 12-14% and Cr, 1 *5%. Results show that with regard to wear and 
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costs, (3) and (4) are to be preferred, (4) having a slight overall advantage. Tables, 
diagrams. 

1220. Reduced Wear in Tube Mills (and Ball Mills) by a New Design of Plate. 
Bellwinkel, a. Zermnt-Kalk-Gips,^ 1953, 6 (12), 439-44. The plates are provided with 
large closely-spaced conical studs. These are the Belgian ‘Henricot-Mahlplatte mit 
Nocken’. Their use and the mechanism of ball travel are described, and wear data for 
cement grinding are given. Illustrations. 

1221. Wear Resistance of D(»nestic Matmals fwr Pebbb Mill lining. Berry, C. E. 
Trans. Amer. Inst. min. {metall.) Engrs, 1946,169,177-84; Tech. Publ. Amer. Inst. Min. 
Engrs, No. 1948; Min. Tech., 1946,10 (2). Belgian silex became unavailable early in the 
war, and a study was made on domestic substitutes already on the market in large 
quantities. Belgian silex was compared with a Minnesota quartzite, three granites 
from the Carolinas, two white porcelains, and white silica pebbles. Abrasion and tough¬ 
ness were tested by standard A.S.T.M. methods. A pebble mill grinding test and an 
acid-resistance test were run. He conclude that quartzite and granite are satisfactory 
substitutes for Belgian silex for pebble-mill linings. Granite is less desirable than 
quartzite because of colour contamination when wet-grinding white pigments. Porcelain 
appears to be the best substitute for silex from the standpoint of colour contamination. 
Silex is subject to attack by phosphoric and hydrochloric acid. 3 refs. 

1222. Preset Day Grinding. Djingheusian, L. E. Trans. Canad. Min. Inst. (Inst. 
Min. MetalL), 1949, 52, 243-57; Canad. Min. metall. Bull., 1949, 42, 555. Data on 
liner wear is given. There is no standard practice. Howes said that mill performance 
and liner life depend on liner design. Slippage is the major cause of liner wear and 
loss of grinding capacity. Improved design would also save ball wear, besides reducing 
liner consumption by 45%, and would save power. The Lake Shore Mines prefer 
circumferential grooves which give 17% greater capacity. 

1223. Martensitic White Iron. Doyen, M. P. Rev. Mater. Constr., Jan. 1950, 21-3. 
The application is discussed of a maitensic alloy white iron of Ni-hard composition 
for the construction of mill liner plates. The superiority of this material is well known, 
but the paper contains new data of interest to workers in cement, ore, coke, refractories 
and paint industries. Examples are given of its resistance to abrasion in comparison 
with other alloys. 

1224. Double-Step liner for BaH Mills. Howes, W. L. Engng Min. /., 1942,143, 57; 
Ceramic Abstr., 1942, 21, 192. The object is to reduce ball slippage to a minimum 
without interfering with ball action. The cross-section of each liner section is that of 
two trapeziums, each with two right angles on the side toward the retreating balls. 
The lifter should be about one ball diameter in width on top and about half as thick. 
The valley should be sli^tly over one bail diameter in width and shaped so that the 
balls will not be wedged in it. Bolts are usually placed in the valley between the lifters. 
Wear is concentrated on the lifters and not in the valleys. The same design can be used 
in end liners. Results have shown a saving of20-46% in liner cost per ton of ore ground. 

1225. Ball Mill Liners. Howes, W. L. Tech. Publ. Amer. Inst. Min. Engrs, No. 1577, 
1943. (1) It was found that performance and liner life are substantially dependent on 
liner design. (2) Slippage was found to be a major cause of rapid liner wear and loss of 
finding capacity. A design of douWe step liner was developed based primarily on the 
size of balls used (U.S. Pat. 2274331). A double step liner saved consumption by 45%, 
equiv. to 28 tons of manganese steel per year in 3 ball mills. Less ball wear was ob^rved. 
Solid block liners had worn out in 100 days. Liners with undulating surface wore out 
in 60 days. Stepped fashion liners lasted up to 200 days. The size of step allowed the 
ball thereon to check the bail above. 

1226. C<»isid^tkHis of (Grindiiig) Mill Lmers. Howes, W. L. Tech. Publ. Amer. Inst. 
Min. Engrs, No. 1795,4 pp.; Min. Tech., 1945,9 (2). Mill-liner design and loading are 
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discussed. Most of the liner wear occurs by attrition due to slippage at the toe of the 
charge. Increasing the liner thickness by I in, reduces the grinding capacity by 5%. 
A study of mill eflficiency is facilitated by recording power consumption and throughput. 

1227. B<^tless Cylindrical Mill Lining. McIntyre, E. D. Engng Min. 1934, 134, 
25. The liner shape can determine whether the action is cascade or cataract. 

1228. H^rdased Cast-Iron Alloys Mill Linings. Makh, V. G. Fireproof Mat.^ 

Moscow iOgneuporyX 1947, 12, 86. Hardened cast-iron alloy linings are less durable 
than manganese steels but are equal to carbon steels in performance. They can be 
manufactured more cheaply than manganese steel linings. Ihe composition and type of 
structure giving the best results, and the casting technique giving such a structure, are 
described, 1 table. 


1229. Grinding Pd)bles and Tube Mill Linars. Metcalf, R. W. Inform. Circ. U.S 
Bur. Min., No. 7139, Nov., 1940. 


1230. Steels for Refractory and Heavy Clay Industries. Miles, G. W. and Keith, 
W, B. Edg. Allen News, 1954,33 (379), 1-4; (3^), 28-30. Austenitic steel has long been 
used for the manufacture of jaw crushers, and other heavy duty breakers. Equipment 
is describ^ for the clay industries based mainly on this steel. It shows up unfavourably, 
however, in one application. This is in ball mill liners, where spreading occurs imder 
impact and puts a strain on the fixing bolts. A table presents the behaviour of several 
steels when used for jaw crusher service. 

1231. Notes OB Bafl and Rod Mffl Liner Practice in the Nomnda Organizati<ML 
Noranda Mines Staff: Ames, H. L., Palmer, R., Richard, S., Wearing, T. and 
McLachlan, C- Trans. Canad. Min. Inst. (Inst. Min. MetalL), 1950, 53, 423. 28 ball 
and 1 r<^ mills are used. All are overflow type, with cylindrical shells and dished 
I^ds. Sizes from 5 x 14 to 8 x 8 ft. A detailed account of liner practice is given, and 
of wear for a number of mills. The wear varies from 0-124 to 0-428 lb per sq. ft per day, 
depending on which part of the lining is considered, duty, size of mill, material and 
design. For the balls the average is between 0-13 and 0*24 lb per sq. ft per day. [P] 

1232. Caneirt Grindnig Mfll Linars. Slegien, J. A. Rock Prod,, 1949, 52 (2), 118; 

1951, 34, 89. Various alloy steels were tested, including Cr, Mn, 
Mo, Ni and Si. Steel containing 12-14% Mn and 1 -5% Cr shows less deformation and 
good abrasion resistance. 


T Ptoyems. Slegten, J. A. and Slegten, P. Zement-Kalk-Gips., 1954, 

A given of ei^t varieties of steels pro¬ 

duced m ekctric furnaces for mill plates of ball crushers. Work done in 1934. Man- 
gao^ steel with chromium additions are found to give the best performance. Design 

^ An important factor is the correct ratio 

^wee^n sp^c surface of the quality of the grindings and the mill body. Data given 
Ia statement. Authors’ fundamental research is verified by experience 
<^ondusion is drawn by the author as to the superiority of 
open or ^osed circuit mills which he discusses. [P] 

1234. P^l)bie MBI Lmfngs . Twells, R. /. Amer. ceram. Soc., 1930 13 669 The 
of linings made of flint, quartzite, porcekin, ^nd rubber 
nS porcelain gave the lowest cost 

chief disadvantage, but it might 


RUBBER LINERS 

194?New Ball MilL Anon. Chem, Age, Land., 3 July 

rJJs end plates connected with 

aeei tie rods over wiudi are threaded rings of rubber, the whole assembly being held 
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together in compression by end mats. The more rapid reduction of the charge is 
attributed to improved cascading of the balls against the sides of the shell. 

1236. A New Rubber Ball MiD. Anon. Rubb. Developm., 1948, 1 (4), 30. The new 
‘Linatex’ Ball Mill, which is claimed to be superior to earlier models, to a body 
made entirely of compressed rubber, thus obviating the difficulty sometimes found 
in securing the lining against the heavy load in shear caused by the grinding charge in 
action on the actual bond to the metal. With this mill the charge on highly abrasive 
materials, such as vitreous enamel frits, has been reduced more quickly than is possible 
with other grinding methods. The use of rubber in compression represents the ideal 
conditions for maximum durability. Mills are in three sizes and run at 25-52 rev/min 
for use with balls or steel, porcelain or selected ffint pebbles, and are silent in operation. 

1 fig. 

1237. Increasing the Efficiency of Fine Grinding, Banks, H. R. Trans, Amer. Inst. min. 
(metall) Engrs, 1946,169, 170-6; Tech. PubL Amer. Inst. Min. Engrs, No. 1890; Min. 
Tech., 9 (5); Mon. Bull. Brit. Coal Util. Res. Ass., 1945, 9 (11), 330. A baU mill is often 
operated with balls large enough to crush the largest fragments in the feed, though these 
may amount to less than 5% of the whole. The use of smaUer baDs inCTeases the throu^- 
put of fines, usually by an amoxmt varying as to the increased grinding surface present. 
Rubber lining of mills cuts down power consumption, but reduces production by an 
even greater amount. In general, rubber lining is uneconomic despite saving m wear. 
Cascade mills, in which no balls are used, are suitable only for certain types of ore. 

1238. Enamel Mffling. Bennett, R. W. H. Found. Tr. 3 June 1954, 96 (1970), 
539-44 The paper deals with the requirements of pebble mills generally, then with 
the characteristics of enamel miffing and the use of rubber-lined mills. Factors pr^ 
moting miU efficiency, pebble size and grading, frit loa<^ and water content. Mill 
linings of orthodox type are compared with rubber mill produced by the author s 
firm the Linatex baU mill. This consists of a shell built up from mbto rmgs and tie 
rods, and can be mounted in the ordinary way. Data on mill spe^s, diameter, ch^^ 
are presented graphically and a loading table included. A very long life is expected 
from rubber Tnilk and a freedom from contamination of product. 

1239. Rubber T.lning s for Grinding Mills. Fritz, H. E. Crush. & Grind., May-Jime 
1932,1, 163-4. A new easy way to install a rubber lining. A compound called Linente 
has been found suitable. Diagrams of fittings are presented. 

1240 Practical Disswtatkm on PeMite IVDDs. Lawiek, E. W. Cer^c Ir^., 1924,2, 
369. Tte paper deals with contamination of potters materials and metho^ of ^oatoa, 
e g. by lining the manhole with rubber instead of with porcelam ot silex. The 
^ could t^th advantage be lined with rubber. No sign of rubber wear tad ^ 
found in a particular min after grinding a thousand tons. The advantage and costs of 
rubber lining are compared with those of conventional materials. 

1141 ^utibet as T tnw for Grinding MiDs. Rogers, B. W. Industr. ^gng Chem. 
(Industr.), 1927,19,139. Has been found useful in the ceraimc industry; the wear is so 

slight that no contamination results. 

1747 Rnhhffl- T mimw! for Ball MDls. SwiNDEN, N. Crush. & Grind., Noy.-D^ 1931, 
1 sl SeTpS of a 4x2-ft miU is increased 15% with rubtar 

fi;^because slippage is reduced, 8-8% less wear per ton ground was obtained. 
Difficulties are found in sticking rubber to shell. 

1243. Grinding and Sifting. Tubman, F. de M. Chem & ^(Rev.), 1932, 51, 330. 
Rubber-lined mills grind as effectively as those with metal liners. 

BALL AND PEBBLE MEDIA 

1244. Quartz PcW^es ftw BaH MBD to Stakatdiewan. Anon. Eiigng. Mm. J., 1943, 
144 (4), 71; Ceramic Abstr., 1943, 22, 158. 
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1245. Ni4>ard BaBs Beat Sted 4-1 in Cemeart Oiiika- Grinding. Anon. Nickel 
Topics, \95^, 1 ( 4 ). 1; ( 7 ). 5, (8) 10. Wear resistance is of value in hammer mill liners. 

1246. NHiard for Coal PnlvMizatkm. Anon. Nickel Bull., 1944,17 (10), 147. 

1247. CastH« Gr*idii« Balls. O.T.S., U.S. Dept Commerce, Washington, 
IR10522 1953 4 pp. Obtainable in microfilm or photostat form from: Lending 
liteaiy Unit, D.SJ.R. Price 2s. 6<f.; enlarged printe 4s. Ilie Payne Prc^s for ae 
automatic continuous casting of grinding balls is discussed with a description of the 
marhim and Statistics of costs and performance. The advantages claimed are mted. 
The report includes information about the type of steel to be used with ite analyst md 
price, and a diagram shows the method of fil li n g the moulds. Output 6-10 000 Ib/h. 

1248. Natmal-SSiape Grindii^ Media. Anon. Point. Vam. Prod. Afgr, 1951, 41 (7), 
24 These natural-shape grinding media are said to increase the dispersion rate of 
paint pigments in pebble mills by as much as 40%. The media are made of 
density ahnnina ceramic material, pure white in colour, shaped to simulate the shape 
of spherical balls after they have been flattened by wear in the mill. 

1249. The of Sizc and i^iape of (binding Media. Anon. Rev. Matir. 

Const. (C), 1954 (463), 101-7. Extteme fineness is attained only if smding members are 
small Large halls lead to plaquettes of very fine particles (oveigrindin^. The form of 
g rinding members does not affect the product. 

1250. fecreasi^ tiie of Rue Grinding Data from the SoDiTan Mine is 

Presem^ Banks, H. R. Trans. Amer. Inst. min. (metall.) Bigrs, 1946,169,170. ^me 
details of pexfonnance in a Hardinge 10x4-ft mill with various ball media are given. 

m 

1251. Sea PdWWtes for Fine Grinding. Bray, A. Mine & Quarry Engng, 

1951, 17, 402. Flint and chert pebbles from the South Devon coast shingle ba^. 
Half-inch diam. pebbles are collected for pigment grinding and up to 3-in. diam. 
fee general grinding. 

1252. Modem Methods in the Production of Porcelain Grinding Balls and lining 
Blocks. Carwoot, R. L. Industr. Engng Chem. {IndustrX 1^31,23,865-7. Bails are cut 
fiOTi extruded day rolls (after ageing) and ^un under great pressure. Th^en they are 
humidity dried. Tining blocks are made by the dry press process. Illustrations. 

1253. Notes on the Use of Granite Tube Mill Pebbles m Nundydroog Mine. 
Chcraieley, F. N. BidL Kolar Gold Fid. Min. Soc., No. 79, Oregum, India, Oct. 1952, 
16, 59^. Th^ made possible the grinding of coarser stamp mill products wi^out 
any reduction in tube mill capacity, the cost being reduced by 10%. Cost comparisons 
aiMi performance data are given. [P] 

1254. Screened Ore as Pehtdes in Fine Grindii^. Crocker, B. S. Min. Mag., LomU 
1954, m (5), 309-10; Canad. Min. metall. Bull., Mar. 1954. Results from tests in a 
16x 5-ft tu^ mill are: Capital cost of conversion from conventional ball mill can be 
saved in erne year. A 16x 5 ft high discharge mill is equal in capacity and power to 
16x6 ft 8 in. grate disdiaige pebble mill. For —8 mesh material, the shape of the 
grinding medium is not important. Hie capacity is directly proportional to the sp. gr, 

the media. Pebtde assumption was 3*2% of tonnage r^ed, at Lake Shore Mines, 
Othor condusions are presented, 15 in all. 

1235. PaM GfMihig Bals Made IiiqiroTed Alloy Cast Iron. De Longe, K. A. 
F£int. Vam. Prod. Mgr, 1950, 30 (9), 17, 22, Cast iron containing 4-4-75% Ni and 
1 *4-3*5% Cr is used for making balls for ball milling. Althoi^ of the same hardness 
as hardened steel, the alloy ball wears bdter on account of its iron carbide content. 
Pastel shades may be ground with these balls without fear of discoloration. 

1256. Ihe Wockhig PikKa^les tsi BaH Mils for Roe Chindii^ Engels, K. Metall, 
1954,8 (3/4), 102-7. It is suggested in this paper that balls for grinding hard materials 
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should be made of tough rather than hard material. The penetration of the surface by 
grains of the hard product is likely to reduce wear of the iron. 

1257. McDonald Cubes as a Giindii^ Medium. Fairchild, D. H. Engng Min, 
1924,117 (1), 865-6. The media are cubical but with rounded edges and comers and 
the purpose was to utilize not only point contact as with spheres but also line contact 
as with rods, and plane surface contact. Unnecessarily fine grinding as with point 
contact would be lessened. Cubes removed from the Moctezuma Copper Company 
Mill at Nacozari showed remarkable regularity in wear, retaining the cubical shape, 
althou^ having acquired defects. The Company has been using these media instead of 
rods, and tests indicate a greater eflSdency of the cubes over balls. Illustrated. 

1258. Grinding Balls. Farren, E. F. Found. Tr. 1949, 87, 155; 1950, 88, 573. A 
method is described for producing S-in. diameter cast iron balls used in grinding 
quartz rock in a ball mill. 5 figs. 

1259. A New Grindii^ Medium. C<Hnmdum. Faure, J. F. Chim. et Industr,, June 
1954,71 (6), 1202. Describes the advantages of corundum as lining and grinding media. 
Hardness 9 as compared with 7 on Moh’s scale. Reports equivalent performance using 
one-tenth the wei^t of corundum balls, as with porcelam, presumably owing to a 
specific gravity of 3*2 for corundum as compared with 2*3 for porcelain, giving about 
twice the eflTective density difference between the balls and the wet pulp. This permits 
an increased charge and a 50% increase in product. The higher density can also permit 
smaller balls to be used, 

1260. Alloy Cast Iron Balls Cut Cost of Polverizmg Andiradte. Frick, C. H. Power 
July 1944, 88, 71. Ball wear was reduced by over one-half (down to 0-31 Ib/ton of 
anthracite), when balls made of 94% white cast iron, 4-5% nickel and 1 *5% chromium 
were used instead of forged steel balls. 

1261. Theoiy and Practice inSelectii^GriiidBDg Media. HARDiNGE,H.-E>ig7igMm./., 
1927, 124, 695-8. A discussion, with illustrations, of effect on particles of impacting 
bodies of various shapes and sizes and of the effect of angle of nip between these media. 
Spheres, cubes and flat surfaces are discussed. Emphasis is placed on what product is 
required, e.g. rods are the best granulators, they cannot get at the fines. Surface of balls 
is not the only question and is less important than concentration of load. Suggests the 
Hardinge conical mill with reversed air flow for coal crushing. 

1262. Detennination of file Cmrect Time for Addiii^Griiidii^ Media to Rotary Mifls. 
Jacob, K. Silikat Technik^ 1952, 3, 511. Information is given upon the problem of 
deciding when to add new grinding balls to ball mills. It is shown that efficiency of 
grinding is lower when an arbitrary decision on ‘topping up’ is made. An expression 
is deduced to indicate the exact time for ball additions. 

1263. Tamessee Cc^per Exjdores New Grii^ii:^ Media. Lewis, F. M. Min, Engng^ 
N, r., 1953, 5 (5), 491. Following mention of this subject in the annual Review, Min, 
Fngng, N.Y,^ 5 (2), 1953, 158, data are presented to show the success of replacing 
marble pebbles for steel bklls, originally carried out to improve flotation of the crushed 
ore. [P] 

1264. Grinding Pebhks and Tube-Mill liners. Metcalf, R. W. Inform, Circ, U.S, 
Bur, Min.y No. 7139, Nov., 1940. Previous to the war of 1939, grinding pebbles were 
imported into the U.S.A. from France and Denmark and silex liners were imported 
from Belgium, The only commercial producer of pebbles in U.S.A. is the Jasper 
Stone Co., Sioux City, Iowa; here the pebbles are artificially rounded. Quartzite 
pebbles occur on the Canadian shore of Lake Superior and Conception Bay, New¬ 
foundland; certain Cretaceous limestones of the United States are flint bearing. 

1265. Some Grinding Tests with Si^ieres and Other Sbap^ Norris, G. C. Trans, 
Instn Min. Metall.y Lond.y Feb. 1954,63 (567), 197-209, A series of laboratory tests was 
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conducted to detennine the relative eiaiciencies of the following shapes: sphere, sphere 
with six small flat faces, cube, cube-cum-octahedron, circular cylmder, circular disc. 
Tb« cube and sphere were tested on a plant scale in parallel ball mills. It is concluded 
from the tests that the nearer the shape is to the sphere, the more efficient is the per- 
fonnan<». The suggestion (Wamecke, 1948) that a cubical shape promotes greater 
efficiency was not borne out. The sphere was most efficient by important margins with 
respect to mill capacity, power consumption and rate of wear. Illustrated, 5 refs. 
Discussion in ibid. (570), May 1954, and (571), June 1954. There was general agreement 
but certain speakers stated that oddly-shaped slugs and pebbles of various shapes Imd 
been found as efficient in some cases as spheres, particularly for S—mesh material, 
and that tests with mixed shapes had not been made. Contributed remarks by F. C. 
Bond and author’s reply to discussion in ibid.^ 6^ (2), 69-73. 

1266. Prefared Size of Balls for Ball Mills. Olevskh, V. A. Min. J. Spb., {Gornyi 
Zhurnal), 1948,122 (1), 30-3. Where the balls are of one size the following formula 
is derived for preferred size: D„^6(\og dj^Vd, where D„^ is the diameter of the balls 
in mm, d is the upper diameter of fe^ in mm, and d^ is the diameter of the product in 
mkrons at 90% passing. A chart is given for reading values of 6(log dk). For balk of 
different sizes empirical corrections are necessary. Adjustments for balls of mixed 
sizes may be made by proportionality experiments, and for wear by corrections accord¬ 
ing to one of the known theories for wear of balls in continuously operating mills. 

1267. Casdng Grindii^ Balls Continuously. Payne, P. M. and Steinebach, F. G. 
The Foundry, Detroit, Mar. 1950, 78, 70-3, 217-19. Description and illustrations of 
drcuiar frame containing 36 water-cooled copper moulds and mounted on a turn¬ 
table. Pouring is continuous, the moulds open and close at predetermined points and 
the small risers on the balls are removed automatically by cutting discs. 

1268. Density Media Speeds Up Crushing for Laboratory Analysis. Perkins, 
W. H. Power, 1953,97 (5), 80. A one-gallon ball mill half full of f-in. pebbles is sug¬ 
gested by A.S.T.M. for crushing 200 g of coal to —60 mesh. A detailed comparison 
of performance for 1800-c.c. and 5000-c.c. jars is given. 

1269. l>evdk>{»neiit and Properties of High Density Ceramic Balls. Redd, O. F. 
J, Caned, ceram. Soc., 1953,22, 132. The density was 3-3 as against 2-38 for standard 
porcelain l^lis. A 50% filling is recommended. Temperature is hi^er because power 
input is greater. This can be remedied by over-charging, but a water jacket is better. 

time of milling as a result of higher density balls, and the amoimt of wear are 
discussed. 

\21Q. Efiicfaicy of Grinding Media. Schott, O. Concrete, N.Y. (Cement Mill 
Section), 1934,42, 35. Ihe sizes of balls in compartment mills are discussed, begiiming 
at 60-100-mm balls. Sufficient space is necessary between the grinding bodies to allow 
passage of the material throi^ the mill. Good steel balls wear uniformly, cast-iron 
balls do not, the smaller balls wearing more rapidly owing to the lower thickness of 
the harefci^ layer. Cylindrical grinding bodies having a length equal to diameter are 
the best n^dia. They group themselves more effectively than cylpebs and possess a 
lai^ grindir® surface. Grinding bodies of mixed sizes should be used. They can be 
worn down 95%. Ihe cost of cylindrical media is less than that of steel balls and cubes. 
To ^timate accurately the wear of grinding bodies, the test should extend over a year. 

1271. TMCxnmm Ball htkdla. Titanium Alloy Co. Ceramic Ind., 1942, 39 (6). 
Mill balls much heavfar than the normal ceramic body, gears made of ceramics, 
coato^ers almc^ too small to see were in the Titanium Alloy Co., Niagara FaUs, 
New Ymk, exhibit. The mill balls having a density of about 4*7 are made of Z 1 O 2 
and fired to 2750®F. The extreme hardness will increase the life of the balls while the 
extra wdgjit shmild shorten grinding time and improve grinding quality. 

1272- BuraHduifi Grmdi^ Media. U,S. Stoneware Co. Canad. Chem. (Process) 
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Engrrg, Sept. 1950, 23; Sept. 1951, 755; Ceramic Age, 1950, 56 (24). Announcen^nt 
of a new shape and type of ball heavier than porcelain and much harder. The 
media of cylindrical shape do not readily deteriorate to spherical and tend towards 
rod mill action. A much larger grinding area is provided, and a 50% increase in pro¬ 
duction rate is claimed. 

1273. High Density Media Grinding Cuts MiDIng Time, Increases liner life, 
VERNETn, J. B. Ceramic Ind,, Mar. 1954, 62, 70. Data are tabulated for some thirty 
tests with high density spherical media made of alumina of density 34 as compared 
with 2*5 for conventional flint pebbles. Enamel frit was ground with balls of various 
sizes. [P] 

1274. Milling Practices with High Density Balls—-A Survey. Verneiti, J. B. Proc. 
Force!. Enam. Inst., Forum, 1953, 15, 62-5; Finish, Chicago, 1954, 11 (8), 45-6; J. 
Amer. ceram. Soc., Oct., 1954, 175. Alumina balls, sp. gr. 34 (porcelain and flint 
balls 24) were found to have the following advantages: (1) reducing by up to 60% in 
grinding time; (2) consumption of balls decreased by 80% to 90% of consumption of 
porcelain balls; (3) charge temperature was reduced; (4) lining life was increased. 
More power supply is recommended. The work was done on enamel frits. 

1275. Flint Pebbles and Their Utilizatimi. Vie, G. Indmtrie ceramique, 1950, 307, 
1951, 1453. Flint pebbles are produced at the rate of 6500 cu. yd per year aloi^ a 
17-inile strength of the French coast from Fecamp to Cap d’Antifer, and are used as 
grinding media in ball mills, in cement, and also in earthenware and refractory bodks. 
To reduce or eliminate the conversion expansion, they may be calcined at 1200®-1400®C 
or dead-burned at 1550®C. The purity compares well with that of Westerwald and 
Hesse quartzite- 

1276. Bail-mill Crushiii^ Media. Wakneke, F. Chem. Engng Min. Rev., 1948, 40, 
365-72. A theoretical treatment of the action of balls in a mill and of the behaviour of 
grinding media is given. A Q^lindrical mill charged with cubical steel balls and rotated 
at 65% of its crit. speed should effect more efficient size reduction of any material by 
the process of crushing rather than grinding. Digest in Min. Mag., Lond., 1948,79 (4), 
246. See G. C. Norris, 1265, who finds the sphere to be the best shape. 

1277. Shaped Grinding Bafl for Ball Mills, Weston, D. (Canada). U.S. Pat. 2558327, 
1947. To avoid the disadvantages of a multiplicity of surfaces with consequent limited 
rotatability, and to increase the grinding area associated with a plain sphere, the present 
design is for a ball modified to give to a limited extent, cylindrical surfaces at right 
angles to each other. 

1278. Dense Randinn Paddr^ of Ui^uai S^iheres. Wise, M. E. Philips Res., Rep., 
Oct. 1952,7 (5), 321-43. Dense random packing is defined in a new way in terms of a 
probability distribution function for tetrahedra. 9 refs. See also under Boerdijk. 

BALL COATING 

1279. Ball Coating in Gimdii^ Bond, F. C. and Agihe, F. T. Rock Prod., 1941,44, 
58; Build. Sci. Abstr., 1942, 15 (5). The authors have collected and correlated some 
av^able data on the occurrence and causes of dry coating of the balls and pebbles 
with the rngt^rial being ground in a ball or tube miU. Soft materials (e.g. gypsum or 
bauxite) tend to coat at coarser sizes than hard or brittle ones: limestone coats more 
readily than silica, which usually passes 325 mesh before coating becomes serious, 
while granite and felspathic minerals alone usually tend to coat at 92%, passing 
200 mesh. With cement clinker the small amount of moisture selectively hydrates the 
fibnest particles present and these are most effective in the coating process. Different 
clinkers, however, vary widely in their tendency to coat: rapid cooling of the clinirer 
immediately after leaving the kiln appears to decrease coating. Laboratory tests, in¬ 
cluding microscopic observations and specific surface determinations, designed to study 
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causes of ball coatings are described, and results indicate conclusively that coating 
is a mechanical process starting with particles 3-5 mil diameter which are tamped 
into the pits and scratches of the grinding surfaces by the impacting balls. The reduction 
of the amount of fines present or their retention in the ball scratches may be prevented 
by (I) the use of liquid dispersing agents, which, however, can only be used with certain 
spedW materials, (2) the substitution of closed circuit grinding in place of open 
circuit, (3) the use of harder surface grinding media. Tech, PubL Amer, Inst, Min, 
Engrs, No. 1160,10 pp.; Min, Tech,, 1940,4. 


BALL WEAR 

1280. Cement Grindh^ Test Shows Ni-hard Balls Beat SteeL Inco Nickel Topics, 
1954,7 (8), 10. The comparison was made in a 5i x 22-ft. clinker tube mill with 1-in. 
balls in clo^ circuit. The wear per barrel of cement was 0*14 lb and 0*04 lb for forged 
steel and Ni-hard balls respectively, after a run of nearly 300 000 barrels with each. 

1281. Wear and Size DistribiiticHi of Grinding Balls. Bond, F. C. Trans, Amer, Inst, 
min, {mettdl.) Engrs, 1943, 153, 373; Tech. PubL Amer, Inst. Min, Engrs, No. 1191; 
Mm, Tech,, 1940,4, 12; Ceramic Abstr., 1940,19, 241. The author examines the cause 
of wear of grinding media. He attributes the cause of faults in grinding technique to a 
lack of s^^i^emaric investigation. The precise aspects on which investigation is needed 
are considered in detail. They include a rigorous mathematical analysis of size ratio 
between balls and particles, distribution of ball sizes, equilibrium ball charge and initiq] 
load and make up, residence time, contact area and selection, and the rationing of 
make-up balls according to size of feed. The wear varies as (ball diameter)^’^!. 

1282. Aixarion of P(»*celain Balls. Chesiers, J. H. Nature, Land,, 1945, 155, 485. 
A photograph shows porcelain balls which, after a few months’ service in grinding 
lefractop^ materials, have assumed a rou^y cubic shape, and are approximately half 
the original size. They were made by extruding a cylindrical column, cutting this, and 
rolling the sections into spheres. 

1283. IndnctioB fw Bal MilK Covert, S. A. Metals & Alloys, 1943, 17, 

349. Doubling tl^ life of steel balls or cast-iron slugs in ball mills can be accomplished 
by induction hardo:^ such as the ‘Tocco’ process. BaU mills have extensive use in 
cemoit mills for grintog, but are also standard equipment in grinding ores, paint 
pigm^its, plastics, resins, etc. Slugs experience excessive wear during grinding. Fre¬ 
quently ttey crack, thereby clogging the ball mill meshes, or they pit, thus becoming 

with cement and ruining their grinding ability. In a cement mill, inductivity- 
hardened slugs showed a loss by wear of only 0*06 lb of steel per barrel of cement as 
aga^ 0-13 Ib lost by slugs hardened by older methods. Capacity of a typical induction 
harctening madiine can be as hi^ as 5000 slugs per hour. Slugs pass through an inductor 
coil on a roller feed and are immediately quenched in the same unit after being heated 
to the proper degree. 


Inst. min. (metali:) 

atgn, ivM, 61, 284-7. A matheoiatical analysis of ball wear is included, cnnnlngirms 
are itani 2 )ed and e3q>erimeatal data tabulated. [P] 

No. 1736; Min. Tech., 

, ’ 8 ij). A cntKal review of a paper by T. K. Prentice on the wear of steel balls used 

fOT gnndmg ores is presented. (See J. Iron St. List.. 1943 (IT), 55a.) 

1^. Reta^ of Ban Wear to Power to atoding. De Vanev, F. D. and Coghill, 

337-40; Cerandc Abstr., 1938,17,30. Three sets of 
^raipve data for the wear of stcd rods, steel balls, and cast-iron balls in mills used 

nMterial worn away per ton of ground material 
ITOduced are indicated as well as pounds worn away per horsepower-hour. Skeleton 
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screen analyses of feed and finished material are given, and the jjlant or material is 
mentioned. The authors conclude that ball wear for loads of equal wei^t is indepen¬ 
dent of ball size. Ball wear for equal power input is independent of the speed of the 
mill. Wear in terms of power varies less than wear in terms of tons of ore ground. 
For steel balls, average wear is 0-15 lb/h.p.-h. If it exceeds this figure the ore is unu^ially 
abrasive. 

1287. Present Day Grindii^. Djingheusian, L. E. Trans. Canad. Min. Inst. (Inst. 
Min. MetalL), 1949,52,24^57; Canad. Min. metall Bull, 1949,42,555, Data on ball 
wear at Lake Shore Mines is given. Bond fomd that ball wear varied as the diameter, 
to the power 2.21. Prentice found, within limits, rate of decrease in diameter was 
independent of diameter (within liinits), that is, loss in weight varied with area. With 
continuous addition, the ball load reaches an equilibrium in size distribution (i in. loss 
in diameter in one month). Ganns and Stevens confirmed this and found segregation 
of sizes, the largest on the outside. 

1288. Ball Wear and Functioning of the Ball Load in a Fme-Gtmdmg Ball MiB. 
Garms, W. I. and Stevens, J. L. Tech. Publ. Amer. Inst. Min. Btgrs, No. 1984, 4 pp.; 
Min. Tech., 1946,10 (2). Forged balls were tested in comparison with cast balls. To a 
mill having a normal load of cast balls, forged balls of 2 in. diameter were added daily. 
When the balls wore to 1*25 in. or less they lost their spherical shape. Ihe balls are 
classified centrifiigally according to size, wifii the new and largest on the outside and 
the size decreasing gradually to the centre. The largest balls do most of the impact 
crushing. The smaller balls are in the inside and grind mostly by attrition. The logic of 
ball-size rationing is more apparent. Ball diameter plotted against days shows a strai^t 
line. During the major portion of ball wear, a film of definite thicfc^s is periodically 
removed from each ball, regardless of its size. 2 figs. 

1289. Ban Wear in Wet Grinding Mlfis. Macleod, N. A. Trans. Amer. Inst. min. 
(metall^ Engrs, 1946,169,140-6; Tech. Publ. Amer. Inst. Min. Engrs, No. 1918,7 fp.i 
Min. Tech., 1945, 9 (6). Tests of 60-150 hours’ duration in a rubber-lined cylindrical 
mill (9 X lOi in. in diameter) rotating at 72 rev/min with a charge of 2 kg of dry feed 
and 2 litres of H 2 O, and using balls generally of 2 in. diameter, showed that the wei^t 
loss was lower with hard than with soft balls when grinding the same material, and for 
inert ores increased linearly with decreasing ball diameter. No definite effect of air 
when grinding siliceous ores could be established, but consumption of steel was lower 
when grinding pyritic ores under anaerobic than under aerobic conditions. It is con¬ 
sidered that the hi^y abrasive character of pyritic ores is as mudi due to chemical 
as to physical causes. The grindability index is not a reliable guide to ball consumption, 
especially when comparing pyritic with non-pyritic ores. 

1290. A ContribirthHi to the ProlB^ of Bali Wear in Ball-Mfll Grinding. Mortsbul, 
S. Jemkontor. Ann., 1940, 124 (1), 1-38; Ceramic Abstr., 1941, 20, 22. The author 
commences by pointing out the importance of the wear of balls in ball mills, especially 
with regard to the grinding of ores. He discusses Davis’ theory that the wear of any 
one of a number of balls in a mill is proportional to its weight, and then describes hfe 
own tests, which show that the wear of a ball in a ball mill is directly proportional to 
the grinding time, and it is therefore constant per unit of time for eadhi ball making up 
a ‘charge’ and is independent of its size. Some of th^ tests were carried out with 
forged and cast steel cubes of different dimensions, which were put in a ball mill for 
grinding iron ore for various periods of time up to 1700 hours. In other tests balls of 
three different sizes were used in a small laboratory mill for periods of about 400 hours. 
For comparison purposes the author uses the symbol jz to represent the coeflSdent of 
wear, which he defines as the reduction in diameter in thousandths of a millimetre 
per hour of continuous grinding. The results of these tests ma<te it obvious that fz 
is constant for a charge of balls used for continuous grinding, and it is seen from this 
that the wear of any one ball is not proportional to its weight but to the area of its 
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surface. The introduction of the coefficient [x is very useful in the study of the efiS- 
ciency of bail and roci mills, and it also provides a means of comparmg and selecting 
baUs of different qualities of steel. The author presents calculations based on the 
above relationship between baU wear and surface area by which the number and size 
of the balls required can be determined when fi is toown. He considers next the 
causes of non-uniform wear of balls, and, as further evidence in support of his theory 
that a is constant for aU the balls of a particular charge without regard to their size, 
he quotes data respecting the size and wear of balls used in a cylindrical mill at the 
ore-concentration plant at Rormskar (in North Sweden). He then discusses some 
investigations of Gross relating to the influence of the grain s^ of the ore on the wear 
of the balls, in conclusion, he shows that the results obtained by various investiga¬ 
tors, which seem to support Davis’ theory, do not in actual fact contradict the author s 
own theory that the total wear of a charge of balls is equally distributed over the total 
surface area of the balls. 

1291. Toward Decreased Ball Wear. Mortsell, S. Engng Min. 7., 1945, 149 (5), 90; 
Ceramic Abstr., 1948, 31, 225. Quartz (average grain size 0*078 mm and wei^g 
1 *608 g) was ground in a small porcelain baU mill 19 cm in diameter and 15 *5 cm long 
by 75 steel balls averaging 26 mm at 68 rev/min for 1 hour. The balls were then weired, 
and tl^ partidie size of the quartz was determined. This was repeated without change in 
the balls or quartz for a total of 9 hours. Wear per umt of time increased rather rapidly 
up to a maYimwmj after which it decreased more slowly. Under these conditions the 
quartz that produced the greatest amount of wear had an average particle size of 
0*017 mm. Wear can be reduced by removing these fine particles by a classifier or 
screen. 3 figs., 8 refs. 

1292. Wear Tests on Grindhig Balls. Norman, J. E. and Loeb, C. M. Trans. Amer. . 
Inst. min. (metalL) Engrs, 1949,183,330; Tech. Publ. Amer. Inst. Min. Engrs, No. 2319; 
Min. Tech., 1949,12 (3). By running marked balls in a ball mill along with a group of 
standard balls of known quality, it is possible to determine the relative merits of any 
type of grinding ball within a short time. Barring segregation, grinding balls wear in 
direct proportion to their surface area and therefore decrease in diameter at a constant 
rate. A matrix of martensite or low-temperature bainite, plus retained austenite, has 
shown the best wear resistance of all the types studied. Spheroidized carbides enhance 
the wear resistance of a martensitic matrix. Test results on balls of other compositions 
are given. The relations between composition and wear resistance are discussed in 
g^eat detail and experimental results are tabulated. Selection of alloying elements is 
exemplified. 1 fig., 15 tables. 

1293. Rdatire Wear Rates of Various Dmmeter Grinding Balls in Production Mills. 
NoR<HnsT, D. E. and Moeller, J. E. Min. Engng, N. Y., 1950, 2; Trans. Amer. Inst. min. 
{metail.) Btgrs, 187, 712-4. From the results of wear trials with copper ore using 4-, 

3- and 2-in. forged steel balls, it is concluded that balls in a given mill for a given 
length of time will have equal diameter losses, regardless of size. 4 figs., 2 tables. 

1294. BaH Wear in Cylindrical Mins. Prentice, T. K. Trans. Amer. Inst. min. (metalL) 
Engrs, 1946, 169, 147-54; Tech. Publ. Amer. Inst. Min. Engrs, No. 1736; Min. Tech. 
1944, S (4). A paper presented to the Chemical, Metallurgical and Mining Society of 
South Afiica is abstracted at length and reviewed by E. W. Davis. To obtain experi¬ 
mental data a ball mill was operated at about 65% its critical speed; under these condi¬ 
tions grinding is by abrasion rather than by impact, and baU wear was proportional to 
& square of the diameter. The reviewer believes tlmt at super-critical speeds, grinding 
is by impact and ball wear becomes proportional to the cube of the ball diameter. 

1295. Bafl Wear m QimMcal Mills. Prentice, T. K. J. Chem. Soc. S. Afr., 1943, 
43,99-132. The author gives an account of an investigation, lasting fifteen months, of. 
the of steel balls in a cylindrical haH mill used for grinding ores in the Transvaal 
goM m i n i ng iiwiustiy. The mill used for the tests was 30 in. in diameter and 17 in. long. 
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Sets of balls 3 in. and 2i in. in diameter were run continuously for periods of 5 days, 
13i hours each, the mill being revolved at 30*5 rev/min, after which the reduction in 
volume of the balls was determined; from this the number of days taken to reduce the 
diameter to 1 in. was calculated. The steel bails with the longest life were forged and 
contained: carbon 0*90%, manganese 0*89%, chromium 0-S~l'0%, with silicon, 
sulphur and phosphorus not exceeding 0*22%, 0-035% and 0*025% respectively; the 
hardness was 350-400 BrinelL The tests showed that the roiled bails with the best 
durability contained in all cases carbon 0*60-0*90%, chromium 0*85-2*1% or about 
2*5% of manganese. In the second part of the paper a statistical analysis of the test 
resrdts is made and from this a theory for the wear of balls in grinding mills is developed. 
The tests disclosed that while wearing down from 3 in. or 2i in. to li in. in diameter, 
the loss of weight was directly proportional to the square of the diameter and ti^refore 
to the surface area of the ball; the subsequent wear from li in. downwards was rela¬ 
tively slower and more in accord with E. W. Davis’ theory that the loss in weight is 
directly proportional to the cube of thejdiameter. (Critically reviewed by E. W. Davis.) 

1296. Gold Mining in ttie Witwatosrand. Prentice, T. K. 1949, Transvaal Chamber 
of Mines, Johannesburg. Chap. Ill, pp. 127-30. Bail Wear in Cylindrical Grinding 
Mills. The causes of ball wear are analysed; the composition and wear resistance of 
20 varieties of steel ball ore tabulated and formulae are given for equilibrium loads of 
balls. Distinction is made between ball wear due to impact on falling, and that due to 
attrition while en masse. 

1297. Factors in Relative Wear of Grindiiig Ball Sizes. Timmermans, O. £. B. Engng 
Min. J.y May 1947,148, 78. (1) Average ball wear was found to be proportional to the 
area per unit baU. (2) Wear is less when two sets of balls have equal surface area than 
when equal in volume of balls. (3) Effects of different sizes of ball are discussed. 

1298. On the Wear of Balls in Ball MBs. Yu Brand, V. Min. J. Spb. (fiomyi 
ZhurnaOy 1950 (4), 31-3. The value of a formula for ball wear in a mill grindi^ 
apatite is discussed. Results depart from the calculated values when the bails are split. 
Data are presented in 3 tables and 4 graphs. 

VIBRATORY (OSCILLATORY) BALL MILLS 

1299. Grinding and Treatmast of Minerals. B.LO.S. Final Reports^ 1356 and 1753; 
FIAT Final Report, No. 754, 1946. H.M. Stationery Oflfce. An account of the equip¬ 
ment and processes for grinding various minerals in Germany, and of the factories 
visited. The vibration bail mill made by Siebtechnik G.m.b.H. is given a harmonic 
vibration which makes the balls dance and rotate. Reduces various materials from 
silicon carbide to rice down to a size of 1 micron. Power consumption is claimed 
to be only 5% of the normal ball mill requirement. The vibration is by an out of balance 
shaft giving a harmonic vibration. The mill can produce 90% finer than 5 microns. 

1300. Novel ySxsLtary Baff MilL Anon. Chem. Age, Land., 1945,52, 367. A descrip¬ 
tion is given of a ball mill of new design obtainable from Messrs GnflSh and Tatlock, 
Ltd, The mill, which has a capacity of 250 g, produces 300 mesh or finer material 
and is suitable for the g rinding of coal, coke, boiler scale, slags, etc. The pot does not 
rotate on its axis, the axis being caused to trace out a cylindrical path. 

1301. Vilwat<»y Ball Mill fear Mote EflSciait Grindii^. Anon. Tech. New. Bull. U.S. 
Bur. Stand., 1950, 34 (10), 140-1; Ceramic Age, 1950, 56 (6), 35; Ceramic liui., Nov. 
1950, 50, 62; Min. Bigng, N. Y., 1951,3; Trans. Amer. Inst. min. (metall.) Engrs, 1951, 
190, 122-5. The new laboratory mill described contains 3700 steel balls, and gives 
100 000 collisions per second. It is claimed to produce a more uniform powder, to be 
more efficient and easier to operate than any previous mill; it is e3q)ected to have 
extensive application in the prej^aiation of pigments, ceramic materials, m^ai powders, 
etc. A cylindrical jar is suspended by leaf springs and is swung throng a circular path. 
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at tJbe same time the jar comiter-rotates slowly about its axis, and thus settling is 
pievented more uniform grinding obtained. Vibratory motion is imparted by a 
i-h-p. motor which rotates an eccentric wei^t, to which the jar is indirectly attached, 
in a housing supported by the leaf springs. 5 g. of cotton are reduced in 30 minutes to a 
maximum of 10 microns. 

1302. Exi^itation of Low Grade Ores in U.S.A. Chap. IV. Vibrating Ball MiD. 
O.EJEX2. Technical Assistance Mission, No. 228, 1954. O.E.E.C., Paris. Obtainable 
from H.M. Stationery Ofi5ce. Research on this mill has been taken up at M.I.T. and 
by Allis Chalmers. The advantage of this mill is its high capacity, which is said to be 
about seven times that of a conventional ball mill of the same size. The problem of 
the mill seems to be to get strong enou^ bearings for the unbalanced shaft. At the 
time of the visit a 42 x 42-in. vibrating ball mill, the biggest to date, had been installed 
for diy grinding of cement clinker. 

1303. (A) Grindii^ Process in Oscillating Mills with Dry Charge. (B) Grinding 
Process in Oscillating Mills wMi Wet Charge. Bachmann, D. Verfahrenstechnik, 1940 
(2), 43-5, (3), 82-9, Development began in 1933 at Farbwerk Hoechst. Grinding 
experiments with marble suspensions (0*2 kg marble per kg water) are described. The 
progress of fineness of charge is found by following the settling line through glass 
windows, the fineness being read as a function of the fall of the settling line. See Mon. 
Bull Brit. Coal Util Res. Ass., 1941, 5 (4), 79. [P] 

1304. The Develt^nnent of the VilHatmy Ball Mill. Bachmann, D. Chem. Tech., 
Berlin, 1942,15 (9), 195-8. The development (from 1933) is described and illustrated 
by fourteen figures and diagrams of the trou^ mills made by I.G. and Krupp. Six litera¬ 
ture and twenty patent references are given. A block diagram of performances is 
included. See also Meldau, Z. Ver. dtsch. Ing., 76, 1189. [P] 

1305. The Uses of Bafl Mills in Grindii^. Engels, K. Metall, 1954, 8 (3/4), 102-7. 
The construction, performance and uses of vibration ball mills are descried. The 
advantages of both free swinging and induced vibration mills are described and since 
these mills are only at the begimung of their development, much more may be expected 
of them. 

1306. On the Mode of Action of Size Reduction Equipm^ Grunder, W. Ber. dtsch. 
keram. Ges., 1938, 20, 284. This correspondence recounts the showing of films at 
Wurzburg, in which Krapp’s Symons Kegel hrecher and the movement of the mass 
in ball and vibratory ball mills were featured. The fin^aess of the products from the 
vibratory ball mill indicated a marked advance in methods of size reduction. 

1^. LhnMs of GrindabHity of Coal in Ball Vihratimi Mills. Grunder, W. and 
Stockmann, H. Bergbau, 1940, 53, 107-12; Feuenmgstechnik, 1940, 28, 267. Good 
results were obtained up to 24 hours’ grinding, after which farther grinding produced 
coars^iing. 

13^. Vfaatey Bafl Mflb. Haim, G. and Zaid, H. P. Brit. Pat., 596712, 1945/48. 
Provkted with out of balance weights whose positions can be varied in radial or angular 
rdatkm^p. 

1309. The Defdc^im^ of Osdflatory Machines fw Process Tedmology. Kiesskalt, 
S. Verfahrenstechmk, 1936 (1), 1-4. The nature and purposes of vibrating or redpro- 
cating ai^paiatus for extraction, pulsation drying, vibration grinding, and gaswashing. 
A i^mtograph illustrates tl^ much finer product obtained by the oscillatoiy mfil when 
ground und^ ccmparable conditions to the ball mill. 

1310. Vflxato MflL Kiesskalt, S. Z. Ver. dtsch. Ing., 1 July 1949, 91, 313-5; 
Amer. Ceram. Abstr., 1950, 33, 18. An annotated literature review of the development 
of this mill; the mechanic^ process of grinding; mechanico-chemical and ultrasonic 
eiiects occurring during the pulverizing process; and the application to various 
industrial processes. The application to coal and coke is mentioned. A graphic pie- 
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sentation of performance at various speeds of a laboratory vibrating ball mill is giv^, 
29 refs. [P] 

1311. Operatioii and Apidicaticni of Small OsciOating Bail MiOs. Kramer, H. 
MetalL^ 1950, 4,498-502; Ckem. Abstr,^ 1951,45 (8), 3204b. These mills are especially 
adapted for the fine grinding of very small quantities of material. The theory and 
method of operation are discussed. liie grinding is finer and faster. 

1312. Investfeations on OscillatiMry Mills. Meldau, R. VerfahrenstechniK 1939, 
95-8. The suitability of this mill for very fine reduction is investigated. The procedure 
is outlined whereby shortly after commencing the operation a product of size 1 micron 
and less can be continuously withdrawn and passed out for further operation. The 
uniformity of size of product that can be obtained is shown graphically. The mode of 
action on particles and the surface effects on baUs are illustrated and examples of size 
distribution of product from a few materials, e.g. ferro-manganese are given. 9 refs, 
the earliest being Meldau, Z. Ver. dtsch. Ing., 1932, 76, 1189. 

1313. Fine Grinding of Metal Dusts in ViiHatory Mills and Their Mkroscof^ Shape. 
Olbrich, R. Verfahrenstechniky 1942, 23-7. Compressed A1 foil was ground for 
10 hours in a laboratory mill (0*31 capacity, average amplitude 4 mm, frequency 
24 Hz), (a) in the dry state in a hard porcelain grinding chamber with porcelain balls, 
and (b) in a steel chamber with Cr-steel balls with or without addition of fat or stearine. 
Granular particles were obtained in the porcelain chamber and lamellar particles in 
the steel chamber; the grinding ej05ciency was highest when using the latter, with addi¬ 
tion of fat. No difference in particle shape obtained in both types of chamber was 
observed in the case of Ag solder. 

1314. Vibratory and Rotary Ball Mills. Robinson, R. S. IJ,S. Pat 2613036,1947/52. 
The drawings show a rotating ball mill which can be vibrated at the same time horizon¬ 
tally and vertically by means of horizontal and vertical coil springs. The resulting 
advantages are described. 

1315. A Study of VibratirHi Mflling <mi tibe Basis of ConsMeiatkms of Dynamical 
Similarity. Rose, H. E. Paper to the Institution of Qiemical Engineers. London, 
7 Nov. 1956. Although the mill has received an amount of experimental investigation, 
as far as is known the theoretical aspects of the problem have not been studied. An 
endeavour is made in this paper to analyse the milling process and with tl» aid of 
published results, to reach certain conclusions which are of interest in connexion 
with the choice of the best operating conditions for the milling of a given type of powd^. 

The following conclusions may be accepted tentatively: (1) The rate of milling varies 
as a fairly high power of the firequency of vibration (the 5th power has been cpoted 
elsewhere). (2) The rate also depends on a lower power of the amplitude, wMch is best 
kept reasonably smalL (3) The amplitude should not be less than about twice the size 
of the largest feed particle, otherwise an excessive quantity of coarser material mi^t be 
produced. (4) The rate of grinding varies directly as the density of tte ball material, 
as their diameter, and as the diameter of the particle being ground, subject to (3) above. 
(5) It is probably independent of the volume of the ball charge, provided that tl^ pack¬ 
ing does not suppress the motion. (6) Over the range studied, the rate fails with increas¬ 
ing powder volume. It is probable that the maximum occurs with a powder charge 
lower t han the ratio studied. Relations between variables are ^own in 6 graphs, accom¬ 
panied by math emat ical analysis. 2 refs. 

1316. r mmfiwitfm t Studies in a Vflwatcwy Ball Mitt. Roussbelle, J. E. Mass. Inst 
Tech. Progress Report, NYO—7172; M.I.T.S.—28,31 July 1955, pp. 59-61; M.I.T.S.-^, 
31 Oct. 1955, pp. 59-^. The influence on output of the feed rate and radius of vitaation 
at two rotational speeds. Sand was ground in a 12 x 12-in. vibratOTy ball mill and the 
results shown as the amount of —200 m^h product per kWh- The resulte hitherto 
obtained show that increasing radius of vibration, feed rate and speed within tfae 
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Operating range of the machine, increase the amount passing a 200-mesh sieve per kWh, 
and also the capacity (—200-mesh material per hour). In M.I.T.S. 30, 31 Jan. 1956, 
curves are presented, showing the increase of horsepower required for increased 
amplitude and also for rotational speed, and an equation is deduced for horsepower 
requirements in terms of these variables. It is shown that for times up to 10 minutes, 
the power requirements were not significantly greater with the mill grinding sand at 
1300 Ib/h, than when sand was absent. 

1317. Hie Ball Millii^ of High Molecular Materials. Steurer, E. Chem. Tech,, 
Berlin, 1943, 16 (1), 1-3. A review of the published work on the reduction of high 
molecular materials, with particular reference to cellulose. Electron microscope 
examinations, chemical action, viscosity charges, and energy balances are dealt with. 
11 refs. 

1318. Improvements oa^ <nr Relating to Oscillating Mills. Tema, Ltd. Brit, Pat. 
696001, 1950/53. By periodically reversing the direction of the mill, for instance by 
reversing the direction of rotation of out of balance wei^ts, the build-up at the sides is 
reversed, the wall is periodically cleaned, and caking due to one-sided build-up, is 
avoided. 

1319. Improvem^its Relatii^ to OsdSatii^ or Vibrating Mill with Air Separaticm. 
Tema, Lid. Brit. Pat. 698660, 1951/53; Chem. EngngProgr., 1955, 36 (7), 270. Means 
are provided for air sweeping a vibratory ball miU, with air separation arrangements 
and return of oversi 2 e. 


BALL MILLS, PAN OR VERTICAL CYLINDER WITH GYRATORY, CENTRI¬ 
FUGAL and/or PLANETARY MOTION 

1320. Gyratimi jS^peeds Ball Mill Chinding. Anon. Chem. Engng, 1955, 62 (12), 252. 
Capacities from four to seven times greater than usual are reported for a vertical, non- 
rotatmg, gyrating ball mill. The unit operates batch-wise or continuous, wet or dry. 
The gyration can be faster than the critical speed in a horizontal ball mill, and so output 
increa^. The force on the balls also increases. If the ball load is increased to 70% of 
the mill volume, the radius of gyration decreased, and the speed increased, the load 
swells to completely fin the mill. The load no longer rolls or flows. Individual balls 
become highly energized and beat against each other. The centrifugal motion has the 

greatest grinding efiect, however. No performance figures given for thk Fahrenwald 
min, 

1321. K.9 Sted for the Cwamic Industry. Edg. Allen News, 1954, 33 (390), 268. 
The use of m an g a n ese steel is described for several types of clay working machinery. 
A laboratory mill suitable for the laboratory grin ding of clay is described. It is a steel 
planetap^ ball mill, made by P. W. Heller, London. The mill consists of two equal 
eccentric masses, the jar mounted on a revolving platform and a counterweight. The 
mill is driven at 300 rev/min by a v 5 -h.p, motor, will grind 70-90 c.c. of material, and 
contains two balls, whose rolling action on the wall of the jar, and by impact with each 
oth^, effects the reduction. Wear on the jar waU is avoided by absence of impact on the 
walls. 

1322. ICg^ S^eed laixKatory Mffl. Anon. Engineering, Land., 10 Dec. 1954, 766; 
Pmnt, Oil and Col. 26 Nov. 1954, 1232. Developed by a Stoke-on-Trent fiiim, it 
ocmsiste of four vertical cylinders revolving on a centre spindle, and each cylinder 
i^olving itself in the reverse direction. Grinding capacity is 2^ pints per pot. Small 
balls are used and a turbul^ce is set up. It will grind and disperse a charge of colour 

and medium in foim hours as compared with forty hours in an orthodox ball or 
pOTsie mill. It will accomplish dispersions that have proved impossible by other means. 
Hk pots are intenhangeable and the whole is mounted in a container with lid. 
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1323. Tbe Bloch Rosetti Design of Ball and Pan Mill. Anon. Min, /., 1953, 241, 

590-1. A type of laboratory mill by L. Homuth, Heidelberg, for fine grinding, especially 
of ores, consists of a pan which imparts a centrifugal motion to the balls and char^ 
without itself revolving. The drive is by ^“h.p. motor at 300-800 rev/min as desir^, 
and capacities of the three sizes of mill are 15, 0-183 cu. in. A fineness of one micron 

or less can be achieved, or even finer imder special conditions. The improved mills 
described are: ball pan mills , disc mills with oversize return; jar crushers with two-way 
action, with 50% increased output, much lower crushing pressures, and uniform si^ of 
product. 

1324. DeveloiHnent of a Centrifugal Ball MilL Carey, W. F., Robey, E. W. and 
Heywood, H. Engineering, Lond,, 1940, 149 (3874), 378. Preliminary work was done 
in an attempt to construct a centrifugal ball mill employing all the advantages of 
*free crushing’, i.e. the crushing of a singje layer of particles between metallic surfac^. 
The balls revolved in a vertical plane, the feed being applied to the centre of the n^l 
and centrifuged outward to the balls. An air current removed fines from the opposite 
centre with return of oversize. Several engineering difficulties were encountered due both 
to the large surfaces required for grinding and to the diSiculty of attaining a satis¬ 
factory radial distribution of the feed. Althou^ no further work is contemplated, the 
authors believe that a satisfactory machine can be built. 


1325. The Spuming Ball MilL Claus, B.Z. angew, Pkys,, 1955, 7 (12), 557-9. The 
construction is described of a new type ball mill exerting Coriolis force as well as 
centrifugal and gravitational force on particles. Gives higher grinding velocity, finer 
and more uniform product. 2 illustrations, 2 refs. The apparatus is a laboratory 
size, 1-litre ball mill, mounted on a horizontal axis but capable of being spun alx)ut a 
vertical axis from a shaft below; two wheels mounted on the extended horizontal 
shaft of the mill move around a rim at the same time and so cause the mill to revolve in 
the normal manner. The mill is one-quarter filled with 5-mm balls and at a very hi^ 
speed of movement, the number of impacts is calculated to be 6 x 10^ per second. No 
figures for fineness of product are given. 


1326. Lnprovements in Fine Reduction MOls and Method of Fine Rednctkm. Cross, 
E. J. Brit. Pat. 601608, 1945; Trans. Brit. Ceram. Soc., 1949, 48 (1), 5a. An improved 
crusher where classification can take place at the same tune. Ball elements are loose in a 
pan, set to rotate at an angle of about 15°. The charge is thrown clear of the base of the 
bowl to fall again. Only a limited amount of the charge is under impact at any one time. 

1327. The Uses of Ball Mills in Grindmg. Engels, K. MeM., 1954,8 (3/4), 102-7. 
The construction and performance of centrifugal ball mills is described. Much finer 
grinding 0-3-0-1 micron is accomplished in a shorter time, due to the energy and speed 
of revolution. Other advantages are the grain structure for similar technique purposes, 
and a narrow range of size frequency. The sticking of tl^ fine product to the mill wall 
and methods of avoiding this (wet method) are examined. 

1328. New of Grinding MBL A. W. Fahrenwau>. Rock. Prod., 1951, 54 (2), 
93-7. Gyratory ball mill rotates on vertical axis for hi^ rate of energy-input, thereby 

effect of Unit ball-load wei^t. (1) Two round containers are mounted on 
opposite sides of a vertical shaft around they revolve whereby the contained 

faife tiimMft in ball mill fashion under the action of centrifugal force. (2) Another tj^ 
is the gyratory ball mill in winch the round box-like container gyrates on a rota^ 
Tifiriynntal table. Tables and curves of test data are given. The gyratory mill is found to 
give several times the output of an etpuvalent cavity milL P] 

1329. The Locked up in CoaL FIschhi, F. et al. BreimstCherme, 1932, 13, 
209-16. See under Vacuum Ball MilL 


1330. Gyratory Ihmact BaD MHI and Grindii« Mrihod. SvMOiffi, L. G. J7.5. PM. 
2500908,1950; Off. Gaz. U.S. Pat. Off., 1951,632 (2), 611. The balls and rock partially 
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fill a suitably shaped pan, which gyrates around a vertical conical axis, the balls being 
thrown by the 15° inclination of the pan. Reduction and classification take place 
simultaneously, as the ball charge moves continuously to the lower portion of the bowl. 

1331. Gyratory Ball having a Gyrated Chamber with a Peripheral Discharge 
Symons, L. G., Nordberg Manufacturing Co. US. Fat. 2540358, 1951. The ball 
mill rotates about a vertical axis, tilting from the horizontal plane as it rotates. 

1332. The C^trifugai Ball-mill Classifier. Wuensch, C. E. Min. Congr. J, Wash 
1947, 33 (9), 22-5, 49; Off. Gaz. U.S. Pat. Off., 1949 (3), 766. A verticalbaU mill h 
described, of roughly parabolic cross-secdon. The bowl revolves at high speed (300- 
600 lev/min) and fixed ploughs project into the mill and deflect the balls and charge. 
The centrifugal force increases the grinding rate and causes a classification of the 
material. Certain defects of this mill are mentioned and methods by which they have 
been overcome are described. 4 figs. 


ROD MILLS 


1333. Fkaxt and EQui^^t Anon. Chem. and Process Engng, 1953, 34 (9), 294; 
Mine Quarry Engng, My 1953,245. The end discharge rod mill was developed to give 
a minimum amoimt of fines. A cubic-shaped particle was produced preferentially. 
Under dry conditions the centre discharge mill would produce a —4 to —8 product 
in pass. Tfa© Marcy rod mflls (Mine and Smelter Co., U.S.A.) wiU now be made by 
a British firm. Three types are made: (1) open-end mills for wet or dry grinding; (2) end 
penpherai discharge mills; (3) centre peripheral discharge. 

1334, Ni-Hard Aids Rod Mill to Make Excellent Service Record. Anon. Nickel 
Topics, 1952, 5 (7), 5. The rod mill has replaced rolls for lead and zinc sulphide ores 
m the Sullivan concentrator of the Consolidated Mining and Smelting Co., Canada. 
Tfe rod mill, vMe taking the same raw ore, crushes to a size suitable for feecfing to the 
primary M mills. The normal rod load is 76 tons or 45% of the total mill volume, 
pie mill is driven at 19 rev/min by a i000-h.p. motor giving an output of 400 tons per 
hour. Estimated life 7 million tons of ore. 


1335. j^idoitatkn of Low Grade Ores in U.S.A. O.E.E.C. Technical Assistance 
Mwiion, No. 228, 19^. O.EE.C., Paris. Obtainable from H.M. Stationery Office. 
Ui^. ly. Sta^ grinding, with rod mills in open circuit in the fcst stage and ball mills 
m clewed cncuit vdth classifiers in the second stage, is becoming the generally accepted 
practice, altfaough a few of the newly-erected plants still keep to the old practice of 
CKK ea^ step’. The last-named practice of one-stage grinding using grate milk working 
in closed oremt wth classifiers, seems, however, to be limited to ores of high grind- 
Babbit have shown that rod mills should operate between 
r overflow ball mills between 60-65% and grate ball mills 

m 70% of OTtical speed for best economical result. As grinding media flie usual practice 
B to use 3-m. r<^ in the rod mill and 1-2 in. balls in the following baU mill in single- 
stage grinding, 3-in. balls have to be used for the largest particles. 

^ Requirements. Akbuer, N. En^ng Min. J., 
^ n^tliod IS one of dimraisional analysis. Performance is 
^sdicted mtrrely from operating data without recourse to theory. The dimftnsinnlfts& 
^0^ 1 ^ were: fraction critical speed, load fraction (Le. fraction of mill voL occiqiied 

^ presents these groiqis together with the mill 
us^^*^Kikih ^ resulting power predictions. Model mills were 

variniw!.»«, • ^ 5 refe. The data in the table were taken largely from 

various authors mduding Taggart [P] 

397-^3. The author describes the advantages gained by repladng 
the roll miDs for galena with rod mills, both with regard to ^rfolZnce and main- 
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teaance. Performance data are given, ‘Inteipretation of the Sullivan Mill in Comminu¬ 
tion’. Myers, J. F., ibid,^ Oct. 1952, pp. 579-82. This contribution describes with 
diagrams the mechanism of crushing by the rods, i.e. the material becomes finer as it 
travels the length of the mill. [P] 

1338. Sekctiiig Rods of Proper Size for the Rod MilL Bond, F. C. Engng Min. X, 
1950,151 (10), 85. Selection of rods of proper diameter has been a matter of judgment. 
The paper is an attempt to derive an empirical equation which would represent present 
practice. The data in deriving the equation is published by Myers, Midiaelson and 
Bond, ‘Rod Milling—^Plant and Laboratory Data’. Trans. Amer. Inst, min, {metalL) 
EngrSi 1949,183,299. Bond, F. C., Standard Grindability Tests Tabulated, ibid.^ 313. 

1339. Trends in Grinding Crabtree, E. H. Min, Engng, N.Y,, 1953,5 (2), 158. The 
advantages of using rod mills to replace fine crushers are described. Althou^ outputs 
are about the same, the rod mill does the work in open circuit and does it wet, thus 
avoiding the cost of elevators, screens and chert. The same considerations would 
apply to dry crushing rolls v. rod m i l ls. 

1340. Latest Development in Fine Grinding. Glockmeier, G. MetalL u, Erz, 1922, 
19, 285. After a discussion of successive types of tube mills, the artidte closes with a 
short account of the rod mill, or Marathon mill, in which balls are replaced by steel 
rods. Illustrations. 

1341. Rod Mill at Sullivan Plant of Consolidated Mining SmeitiE^ Co., Canada, Ltd. 
(p. 160). Kingston, G. J. Trans, Canad, Min, Inst, ilnst, Min, MetcdL), 1950, 53,152. 
Hardinge Rod Mill is for fine crushing or coarse grinding, llix 12 ft liners—46 tons, 
rod load 85 tons, total 171 tons. 1000 h.p. motor, speed 57-74% critical, Le. 13-5- 
17-3 rev/min. The wear of the smooth-faced liners is 0-03 Ib/ton feed. Feed 7000 tons 
per 24 hours, from 3% on i inch to 63% on 6 mesh. Rod wear 0-2-0-33 Ib/ton. Rod 
charge 1^-31 in. diameter. Effect of speed on capacity is from 14-1 rev/min at 6670 tons 
per day to 17-4 rev/min at 8300 tons per day. [P] 

1342. Rod Milling at Snow Lake. MacDermid, B. G. Canad, Min, metalL Bull,, 
Sept. 1953, 46 (497), 535-46. After jaw crushing undeigroimd and cone crushing on 
surface, the abrasive ore for flotation cyanide process was ground in two 8x 12-ft 
rod mills, commencing in 1949. The performance data are presented in five tables, and 
liner service record in three tables. The rate of shell liner wear and rod war is dealt 
with in detail for each rod mill. Discussions. IP] 

1343. Fine Cnxshii^ with a Rod Mill at fiie Tennessee Copper Co. Myers, J. F. and 
Lewis, F, M. Trans. Amer. Inst, min, {metalL) Engrs, 1946, 169; Tech, Publ. Amer, 
Inst, Min, Engrs, No. 2041,13 pp.; Min. Tech., 1946,10 (4). The operation of a rod mill 
for the fine crushing of ore (about i in. diameter) to give a size of about 20 mesh 
suitable for subsequent fine-grinding operations is described. The m^ functions best 
in open circuit and the discharge product is controlled by the screening action of tlKs 
rod mass. Rods of 2i in. diameter give more new units of suifa^ per horsepower than 
aie produced when using rods 3 in. in diameter. Crushing efficiency is reduced by the 
presence of rod scrap; more output is obtained by increasing the discharge opening. 

1344. Rod Mafing—Plant and LabwatOTy Data. Myers, J. F,, Michaelson, S. D. 
and Bond, F. C. Trans, Amer, Inst, min, imetalL) Engrs, 1949,183, 299; Tech. FubL 
Amer. Inst. Min, Engrs, No. 2175; Min, Tech., 1947,11 (4). Rod mills are more effic^nt 
when grinding harder or^; that is, ores with high impact crushing strengths, low grind- 
abflities, and high surface energies. Installations that are more efficient in gmding to 
pass a certain mesh size (product size efficiency) are also generally more eftoent m 
producing new surface. The effects on product size and efficiency of mill drameter, 
reduction ratio, rnitl speed and mill voIuiik are discussed, but results of trials are not 
conclusive. tPi 
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1345, Definii^ flie Scope of Open Circuit Rod-Mill in Connninution. Myers, J. F. 
Symposium on Mineral Dressing, London, Sept. 1952, Paper No. 9. Institution of 
Mining and Metallurgy. A summaiy of the author’s theory, 1946, as to how the rod 
mill performs its work. Quotes the opinions of Stevens and Banks and Crocker and 
summarizes the available information. There is practically no information as to rate of 
feed V. efficiency. Diagrams of rod relationships. Vertical v. conical end liners. Allis 
Chalmers find that vertical are 2% more efficient. Criticizes manufacturer’s design, 
and comments on the lack of data to support certain features of design. Advocates 
the truncated cone for fine grinding. States that the rod mill does its part of com¬ 
minution much faster than any closed circuited ball mill. Concludes that the fast 
passage of ore through the rod mill offers a wide field of study in the preparation of 
flotation feed. Quotes J, T. Stevens, Hardinge Bull, No. 25c, Supt., Kennecot Copper 
Co., Hayden. Ariz.; H. R. Banks, of Consol. Mining and Smelting Co., B.C., Canada; 
B. S. Crocker of Lake Shore Mines, Kirkland Lake, Ont., Canada. Dyer, ‘Ball Paths 
in Tube Mills’, published in Recent Developments in Mineral Dressing. Institution of 
Mining and Metallurgy, 1953. 

1346- Rod Min Brings Sand Production info Balance. Nordberg, B. Rock Prod,^ 
1953,56 (10), 101-4. The Dixie Sand and Gravel Corporation has an auxiliary rod mill 
installation to produce fine sand from surplus pea gravel. Hammer mills were first 
tried but the maintenance expense was too large. Crushing rolls cracked the gravel 
but did not produce fines. The mill is an Allis Chalmers double end feed, 4 x 10 ft. 

1347. Pliotc^rapyc Reecnd of Rod Min Charges. Penrose, E. K. Chem. Engng Min, 
Rev,, Jan. 1954, 46,143-4. 

1348. Progress Refxnt <m Rod Milling at Kii^ Island Scheelite, Ltd. Salamy, S. G. 
Proc. Aust, Inst, Min, Engrs, 1955 (175), 43-55. The performance of a 6x 6-ft grate 
dfechaige ball mill which was converted to a grate discharge rod mill, with the sole 
object of obtaining a greater capacity, and to the end of reducing the quantity of 
—200-mesh sdieelite in the product. A combination of primary rod mill and secondary 
ball min produced a much improved product as compared with one-stage ball milling. 
It is hoped that by arranging high-lift rod action, the preliminary roD mill may possibly 
be riOTOved from the circuit. [P] 

1349. Sliort-Rod Grhidii^ in BaH Mills. Starke, H. R. Trans, Amer, Inst, min, 

(metail.) Btgrs, 1946, 119-22; Tech. Publ Amer. Inst, Engrs, No. 1821; Min, 

Tech,, 1945,9 (3). Details are given of the results obtained by a change-over from 
ban to rod mill ^ding in the concentration plants of the St. Joseph Lead Co., Mis¬ 
souri, <^iing with ore consisting of galena in dolomitic limestone. An increase in 
power consumption, due to increased weight per unit volume of rods as compared with 
balls, and leading to finer grinding, was allowed for by decreasing the rev/min. Low- 
density feed dire<^ to the mills was also introduced so that less grinding would be done 
on the finer particles and a pipe feeder device substituted for the original cast-iron 
sco^ feeder. The rod consumption was found to be 0*116 Ib/ton of ore milled as 
against 0*168 Ib/ton using ball mill grinding, A more uniform particle size was also 
adikved. 

1350. Defdk^imieets in Practice. Stockett, N. A. Min. Congr, Wash., 

1953,(4), 84—5. Wet grindmg rod mills replace dry crushing rolls. Construction and 
advantages are bridiy described. 

1351- l%cts of Rod Min Feed Size ReductloiL Strcmeil, J. J. and Schwellenbach, 
IL J. Er^ng, N.Y., 1950,2; 1951,3; Trans. Amer, Inst, min, (jnetalL) Engrs, 1950, 
1S7, 1273; 1951, 190, 1220. The paper relates the results obtained by decreasing the 
size of feed to a rod mill screen circuit. As would he expected, added production was 
gained and a finer grind with no tonnage loss was made possible. I fig., 2 tables. 

1352, Rod hOT Pzactke at Ray Mloes Div^cm Kemiecoft Copp^ Coxpa. Tuck, F. J. 
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Trans. Amer. Inst. min. (metall.) Engrs, 1939, 134, 327-9; Tech. Fubl Amer. Inst. Min. 
Engrs, No. 994. Data on performance and costs are given. [P] 

ring roll mills: Raymond mills 

1353. Runners. Anon. Brit. Clayw.^ 1943, 52, 49. The use of runners fitted with 
renewable rims avoids expense. The rim can be of any desired metal, mild steel is 
often used, though some of the tougher alloys are more resistant to abrasion and far 
more durable. The most suitable shape for the rings must be determined by trial. 
When a ring is badly worn it can easily be taken off, reversed and replaced; this can be 
repeated until the ring is so thin that its further use is dangerous. It may then be 
removed from the machines, placed in a lathe and turned to any suitable dimension. 

1354. The Raymond Bowl Mill. Anon. Colliery Guard., 28 July 1949, 179, 116-7. 
A brief description of design and operation of the Raymond bowl mill as manufactured 
by Clarke, Chapman & Co., Ltd., Great Britain. Illustrations. 

1355. Plant for Pulvermng Coal. Edg. Alien News, 1955,34(393), 57-8; (396), 127. 
Description of the British ‘Rerna’ ring roll mill. The top roller is mounted on the main 
driving shaft. This roller drives the vertically-set ring by friction and the latter in turn 
drives the two lower rollers, whose pressure is maintain^ by springs. The whole move¬ 
ment can be lifted out of the housing. The life of the ‘Cromax’ chromium steel with 
coal is from 2000 to 18 000 hours without replacement of members, depending on the 
size of the mill. Illustrated. 

1356. Griffin Mills for Grindiz^ C^ent and Other Materials. Anon. Quarry, 
Jan. 1914,19 (217), 11-15. Illustration and description of the GriiBSn 30-in. ring roller 
mill. This consisted of a pan with single roller suspended from a swinging vertical 
shaft. 

1357. How to Hard Surface Your Coal Cnx^r Rings. Anon. Power, Feb. 1955, 
99, 148. Rings of S.A.E. 105 steel can be given a hi^y resistant wear coating by 
automatic arc welding. Beads are continuous, the surface is dense, and needs no 
machining. Applicable to e.g. the ring of a Raymond Mill. 

1358. Pulverizing Apparatus. Combustion Engineering Inc., Brit. Pat. 612725, 
1944/48. Modifications for maintaining controlled air flow and improved separation 
of ground material in the Raymond bowl mill, by avoidance of zones of high and low 
air velocity. 

1359. Pulverizii^ and Separating Machine. Fraser, G. H. U.S. Pat. 2188346, 1932. 
A ring and rolls type of crusher provided with air separation is described. The largest 
oversize is returned by an external elevator. 

1360. Very Fine Grinding by the Raymcmd Rolto Mill to 300 mei^; Dustless aiMl with 
Contndlable Size. Iniernateonal Combustion, Ltd. Industr. Chem. Mfr., Oct. 1934, 
Feb. 1936, 17, See Publication. G.481, International Combustion, Ltd., p. 16, gives 
performance data for six materials. 

1361. Ai^paratus for Reducing the Parole Size oi Mataials. Messinger, W. Brit. 
Pat. 666200, 1949/52. The apparatus comprises a stationary vertical member with 
inner grinding surface, a plurality of conical rollers in grinding relation to the grinding 
surface and support^ against downward movement with respect to it; a central 
rotatable, inverted, conical member engaging and supported by the rollers presses them 
outwards against the grinding surface. 

1362. Mill Drying. Rosin, P., Rammler, E. Ber. Reichskohlenrates, No. 10; Braun- 
kohle, 1927, TJ, 261, 286. Ring roll mill performance on coal with simultaneous drying 
and grinding. Heat requirements and the necessary compromise between grinding 
and drying are dealt witih. 
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1363. A Textilioak of Ore Dressiii^. Truscott, S. J. 1923, Macmillan & Co., Ltd., 
London. In Chap. 3 are illustrated descriptions of Huntington and GriJBSn ring milk 
with a single roller mounted on swinging shaft. 

lopulco (loesche) mills 

1364. Improved Roll Mill. Anon. Chem, Engng News, 30th Jan. 1956, 34 (5), 506-7. 
A modification of the Loesche mill is described wherein pneumatic control replaces 
spring control of the roll pressure, and improvements are made in the product removal 
and return design. (Hardinge Co.) 

1365. The Lopidco Mill. International Combustion, Ltd., Publication, G.493. 
A medium-speed machine grinding to fine limits between heavy inclined conical rolls 
revolving throu^ frictional contact with a rotating table. Illustrated descriptions. 

1366. The Loesche Mill. Loesche, E. C. Arch, Wdrmew., 1941, 22, 241-5. An illus¬ 
trated description of the development of the Loesche mill for grinding coal, rock and 
other materials, together with discussions • on classification control, pressure, air, 
screening, output and power consumption and some operational data, presented in 
tabular form. [P] 

1367. Op^tioiial Expaience with Loesche Coal Mills. Ten Brink. Mitteilungen 
Vereinigimg Grasskesselbesitzer, 1951, (4), 288-93. Those mills for pulverization of 
bituminous coal are distinguished by their low running and repair costs. Running 
periods exceeding 10 000 hours have been achieved since the introduction of manganese 
steels and exhauster fan blades of cast chromium steel. 

BALL AND RING MILLS: E. TYPE 

1368. Giioding of Minerals in Germany (1939-1945). B,LO,S, Report, No. 1356, 
Appendix 17,1948, H.M. Stationery OfiSce. The Peters Mfihle, Model E. Drawings and 
table of dimensions for various sizes of the Peters vertical ball mill. 

1369. lmiMt)veiaaits in Pulv^izers. Babcock and Wilcox, Ltd. Brit, Pat, 646686, 
1947/50- A method is described for securing a resilient but jBrinly anchored upper ring 
for applying pressure to the balls in a ring and ball mill. 

1370. Pulvmz^. Babcock and Wilcox, Ltd. Brit, Pat, 687026, 1949. The upper 
grinding ring of the ball and ring type mill is given a special form which facilitates the 
return of oversize particles to the grinding zone and reduces the tendency towards the 
formation of an annular, relatively dense mass of suspended oversize particles of 
pulverized material around the grinding zone. See also B. & W. publication F.907A, 
describing the E-type mill. 

1371. Grimdh^ MiQs. Coope:^ C. J. Brit, Pat, 573296,1944. Hemispherical grinding 
elmients are supported by vertical spindles, and rotate in the annular trou^-shaped 
bottom of a rotating pam Stirrer and mechanically controlled outflow are provided. 

1372. Self CiBs^fymg Bafl Mffl. Dryer, J. H. U,S, Pat, 2432610, 1944. Balls of 
different siz^ are disposed in grooves between a series of horizontal discs, fixed 
and rotatable. Crushed ore is fed downwards through a hollow shaft and distributed 
upwards into the mill by a stream of water. The size of ball decreases upwards and 
pr^sure is controlled by springs above the chamber. Four layers of balls (5 plates 
alternately fixed) are shown. The mill is of doubtful value. 

1373. PuivatEer MjBL Lynch, E. E. U,S, Pat, 2318175, 1941. A few large balls are 
placed in a bowl having a vertical axis, the bowl and a ^floating head’ being driven in 
<^[^50site directions. The balls rotate between these members, the ‘floating head’ being 
under spring pressure. 

1374. Medbamcal Manii&ctiire oi Hallow l^icks. Proks, O. Stavivo, 1931, 195. 
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Ball mills are described, which have two crushing tracks arranged one beside the other, 
dilfferential rollers, and multi-stage presses with automatic feeding devices. 

1375. Grinding Tests on a Fiiflw-Peters-MilL Winter, H. and Flamm, A. BrennsU-^ 
Wdrmekr,, Feb. 1953,5, 45-9, 76-9. Studies of the influence of a number of variables 
on the throu^put of a ball mill are reported for various Continental and American 
coals, cokes and breeze. Air separation and classification were employed. Whilst the 
energy demand on the mill remained uniform, the throughput fell from 7-9 tonnes/hour 
for coals to 1 *8 tonnes/hour for the hardest (American) breeze. Size distributions are 
given. 10 graphical representations of results, and 3 tables. [P] 

BALL AND CONE MILL 

1376. Exploratory Investigations of a Small LaixMratory Cone Mill. Broad^nt, 
S. R. and Callcott, T. G. Irform. Circ, Brit. Coal Util Res. Ass., 144, Nov. 1955. 
Balls rest on a rotating cone and are held by a horizontal retaining ring. A proportion 
of the coal feed is broken between the balls and cone. The amount of breakage is 
proportional to the rate of rotation of the cone, and depends on the type of coal and 
rate of feed. Several mills are described, and the results of exploratory experiments are 
given. The experiments indicate that at optimum conditions a cone mill would have a 
high capacity and effect considerable size reduction. 

1377. Coal Breakage Processes. IV. Broadbent, S. R., Callcott, T. G. /. Inst. 
Fuel, Jan. 1957,30 (192), 18-21. A preliminary investigation of the ball and cone mill 
is reported. The laboratory mill has a track diameter of 4 in. and can produce about 
170 lb of — 100-mesh coal per hour from a -i-in. feed. The Pilot mill has a track 
diameter of 14 in. and produces 4 tons per hour. The effects on performance have been 
investigated by matrix methods. The two important aspects were (1) the proportion 
broken (the selection function) and (2) the severity of breakage (the brealrage function). 
For other papers on matrix analysis in coal breakage, see under Coal and under Open v. 
Qosed Circuit Grinding, the same authors. 

PAN MILLS 

1378. Dried Screen Tailings in Dry Pan AM Grinding of Wet Shale. Anon. Brick 
Clay Rec., 1938,93 (3), 10. Since the shale at the Roanoke-Webster Brick Co. Roanoke, 
Va., retains moisture for long periods, it is ground in a dry pan, then conveyed to 
electrically-vibrated screens, the tailings from which are passed throu^ a rotary 
dryer, returned, and fed, with the shale, into the dry pan, to facilitate grinding. Ihe 
screening, pugging, and de-airing, especially the production of rough-textured brick, 
are also described briefly. 

1379. Hard Facu^ Brick Machiii^ Parts Cots Costs of Repairs and Simtdowns. 
Anon. Brick Clay Rec., 1947,110 (2), 54. The economy of using a hard-fac^ plough in 
an edge-runner mill is noted. 

1380. A Note cm Pan Grids. Anon. Brit. Clayw., 1942, 51, 21. A short discussion 
on the wear of pan grids and advice on how to enable them to carry on longer without 
replacements. In wet weather, sludgy clay may be forced throu^ grid apertures but 
is much more diflScult through circular apertures. 

1381. Dry Grindir^ with E^e-Rimnar Mills. Anon. Brit. Clayw., 54, 1945, 104. 
Means of avoiding the overloading of the edge-runner mill are noted. A preliminary 
crusher should be used if the material to be ground is more than 2 in. in diameter. 
Manganese steel has proved to be the most suitable material for the pan bed as it 
hardens in use and does not become softer with wear. Manganese steel is also used for 
the steel tyres or rims on the runners; as well as for the gearing and crown wheel for 
driving the mill. Steam power is mostly used to drive the mill as it is more capable of 
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withstanding the variation of stress than is power supplied by gas, oil or electric 
engine. 

1382. On Pan Outputs. Anon. Brit. Clayw., 1946, 55, 53. Brief notes on methods of 
increasing the eiiiciency of grinding pans are given, including the suggestion of a 
proportion of dry return, and also efficient scraping to avoid blockage. A covered 
store for about one week’s capacity is recommended for ensuring continued production 
in wet weather. Flat-faced rollers with hard-alloy parallel ribs increase the efficiency 
of both rolling and rubbing actions. Hammer-mill grinding of tailing, and ‘tandem’ 
screening are also suggested. 

1383. Pity the Perfcwrated Pan. Anon. Brit. Clayw., 1951, 59, 302-3, 312. Factors 
governing the efficient working and economy of perforated pan mills. Feeding into 
the pan, cleaning down, footstep bearing, lubrication, wear and the necessity of ade¬ 
quate inspection are discussed. Detailed suggestions are given for early avoidance of 
faults. 

1384. New Designs for Brick Making Machinery. Progressus, 1953, 5 (E3), 17-9. 
A description of the Karl Handle and Sons Crushing mill and of the Weserhutte Otto 
Wolff G.m.b.H. edge-runner mill for wet grinding. 

1385. Edge Runners for Dinas and Other Silica Bricks. Anon. TonindustrZtg, 1918, 
42, 693, 706, 722. An illustrated accoimt of edge-runner mills used in the preparation 
of the siliceous material, some with the motive power applied below and some above. 

1386. Notes <m Edge Mills. Anon. TonindustrZtg, 1920, 44, 488. The runners should 
preferably be supported by two independent crank axles so as to ensure equal distribu¬ 
tion of pressure. Runners supported on a sin^e axle wear more rapidly at the outer 
end. The perforations in the grate should take the form of long slits running crosswise. 

1387. Edge Runner Mills with Hi^ Efficiency and Safety. Anon. Ziegelindustrie, 
1951,4, 287. Recent improvements in edge mill constructions are discussed in general 
terais. 

1388- The Preparation of Ceramic Raw Materials. VIII. Avenhaus, W, ZiegeU 
industries 1950,3,415; 1951,4,1215. The design of various types of edge-runner mill is 
discussed (i.e. dimensions and wt. of runners, power consumption, specific output, 
etc.). The method of calculating the specific output is explained by an example. 3 figs, 
I table. 

1389. Metal Wear in the Refractmies Industry. Bales, C. E. Tech. Bull. Amer. 
Refract. Inst.^ No. 36, Mar. 1933. Manganese steels are more economical than white 
iron in grinding plates for dry pans. A special chromium molybdenum steel used for 
muller tyres considerably outlasted ordinary white iron. 

1390. Screenii^ Effid^icy of a Dry-Pan Grinding System. Brown, D. P. and 
Hips, R. J. Amer. ceram. Soc., 1946, 29, 147. The efficiency of an industrial dry-pan 
grinding and screening system was measured by making screen analyses of the feed to 
the scrpns, the product passing the screens, and the tailings. From these analyses, 
evalimtioQS of screening operation and the effect of the dry-pan grind on the 
screen effkaeacy were made according to published formulae. The effect of several 
curating vambles in grinding and screening has been investigated and discussed. 
The floors include percentage recovery v. screen size, clay hardness, the effect of 
sami plate size, the wear of pan parts and the effect of a new screen installation. 

1391. Chert fiM* Pan Giiodiig MiSs. Day-Kirkby, W., Salt, R. S. and 

PROCipa, G. P. Crush, dc Grind., 1932,1,107. A brief account is given of the ordinary 
pan min used for grinding pottery materials with particular reference to the nature and 
requireramts of ‘runners* and ‘pavers*. 

1392. Notes on Dry-Pan and Wet-Pan Operations. Gallaher, J, M. J. Amer. ceram. 
Soc., 1929, 12 (5 part 1), 347-50. With given raw materials production costs are 
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governed by production capacity, plant efficiency and labour. Of importance in this 
connexion is the pan equipment used. The author discusses (1) recent improvement in 
design of dry and wet pans, (2) engineering cost data in relation to economical operating 
speeds, (3) relation of rotation rate to capacity, taking into consideration its effect on 
emptying device efficiency, (4) the best size for economical operation at various capaci¬ 
ties, and (5) the best size of pan for grinding various types of clays. 

1393. Latest Develoianents in Fine Grilling. Glockmeder, G. MetalL u Erz,, 1922, 
19, 285. The principle of the tube mill with shortened versions is described. The 
article closes with a short account of the rod mill or Marathon Mill, in which the balls 
are replaced with steel rods. 

1394. Cm^g, Grinding and PulTerizii^ Eqnipn^t for tbe Refractories Industry. 
Greaves-Walker, a. F. Tech, Bull Amer. Refract. Inst., No. 64, Jan. 1937, 12 pp. 
Classifies the dry pan as a crushing, grinding and impact machine operating by the 
combined action of pressure, abrasion and impact. States that the capacity of a dry 
pan is determined largely by the width and design of the slots in the screen plates. 
Narrow slots for a particular size have been almost wholly replaced by wider slots 
which allow feed to discharge after one revolution. Cushioning is thus prevented. 

1395. Control and Segregaticm in Dry Grindiii^. Hendryx, D. B. Brick Clay Rec., 
1954 (1), 46. Includes a detailed comparison between the merits of hammer and pan 
mills in the heavy clay industry. See under Ceramics. 

1396. Ihe Develoinnent and impcniance of tiie Wet E^e-Rnmier Mill in the Brick 
Industry. Herbring, W. TonindustrZtg, 1943,67, 74. An illustrated account is given of 
the development of the wet edge-runner mill. The first useful type of mill described 
has a revolving pan and rotating rollers and the drive coming from below; variations 
of this include a mill with a stationary pan and revolving rollers and a mill with a 
stationary pan, revolving rollers and an overhead drive. A double track edge-runner 
mill is also described and one known as the ‘Erfurth* system, which was patented in 
Germany and has a revolving pan and rollers of different diameter and width which 
are driven by a chain drive so ffiat there is a differential velocity between the pan and 
the rollers. Again with the ‘Konoid’ edge-runner mill, the rollers have different dia¬ 
meters and the material is drawn inside by means of a suitably arranged scraper. The 
step edge-runner mill and the two-storey edge-runner m i l l are noted. A mill with a 
feeding combined with a mixing device and a mill with a specific arrangement of the 
rollers, i.e. one roller travels round the outside of the pan and the other roller travels 
round the ioside of the pan, are described. The latest edge-runner mil! is one with 
direct electrical drive. 

1397. Screens and Gratings for Edge Mills. Hersemann, C. TonindustrZtg, 1951, 
75, 80. Suggestions are made for construction details and operation of perforated 
bottom edge-runner mills. It discusses the effects of the shape (slit or circular) of the 
grid perforations and of the size and direction of slit perforations. The size, area and 
relation of the grid to the runners are also discussed. 

1398. Ten-Foot (binder wiflt Slofang Screm Plate. International Clay Manu¬ 
facturing Co., Dayton, Ohio. Brick Clay Rec., June 1952, 120, 58-9. Screening is 
more efficient and permits higher rotational speeds, since the slope of the screen plat^ 
modifies the throw of the material towards the edge. 

1399. Applicatimis of Unit Operations and Processes in the Ceramic Industries. 
Koehler, W. A. Trans. Amer. Inst. chem. Engrs, 1944, 40, 575-92; Ceramic Abstr., 
1945, 24, 76. A new development in dry pans is the use of lijghtwei^t mullers in com¬ 
bination with air cylinders, thus providing a variable pressure range of 3-9 tons. 

1400. Ihe Runner MilL Locke, K. Silikat Technik, 1952,3, 152. Construction 
and efficiency are discussed. 
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140L Iini8*ovem^ts Relating to Edge Runner Mills. Loesche, E. G. Brit. Pat. 
680776, 1949/52. A modification in the supports of the runners which alters the dis¬ 
position of the runner to the edge ring and diminishes wear and makes it uniform. 

1402. Grinding Mills of tiie Ed^ Runner Type. London Brick Co., Ltd., Hersee, 
E. D. Brit. Fat. 699848, 1953. The amount of material in the pan is mechanically 
controlled throu^ feed control by means of a rod lifted or lowered by the mullers. 

1403. A Study on Pan Gnnding. Mellor, J. W. Trans, ceram. Soc.^ 1930, 29, 271-9. 
A quantitative investigation into the effects of variables in pan mill grinding. It is 
concluded there is no appreciable fundamental knowledge to support the conditions 
usually found in operation, and that investigation is necessary into relations between 
speeds and efficiency, area of grinding surface and capacity of pan, and certain other 
variables. In this paper the analysis of a double edge-runner mill is presented with 
reference to geometrical and speed characteristics. 

1404. Roller and Ring Pulreiizer of the Edge Runner Type. P.H.I. Engineering, 
Ltd. Brit. Pat. 672009, 1950/52. The pulverizer consists of a rotating grinding table 
and stationary thrust ring above, with grinding rollers rotating imder spring pressure 
between them, the spring bearing on to the thrust ring which is shaped to bear on the 
roller neck. The guiding rollers have pins at both ends, located in rotating guide rings 
so that they move only in a plane vertical to the grinding table. 

1405. ImiNX>yed Method of Oiling the Mullah of Edge Runner Mills . Pristupa, P. G. 
Fireproof Mat.-, Moscow (Ogneupory), 1949, 14, 364; 1950, 15, 1510. The hubs and 
flanges of mullers became more stable and did not have to be replaced so often when 
the oiling system was changed. The improvement is described. 2 figs. 

1406. Develojanent in Dry Pan ConstracticMi. Reed, P. B. Brick Clay Rec.y 1924, 
65 (5), 322; Ceramic Abstr., 1924, 3, 353. The rate of output of a dry pan depends 
much more upon the design and location of the mullers than upon the screen plate 
area. An older type of 9-ft pan had 12 x 54-in. mullers, each having a wei^t of7429 lb. 
The width of the screen plates was 18 in. and the grinding area in one revolution was 
3419 sq. in. The diameter of the newer type of pan was reduced from 9 ft to 8 ft 6 in. by 
taking 3 in. off the outside of the screen plates. The mullers were moved out 3 in. 
thus taking 2 in. off the inside of the screen plates. The dimensions of the mullers were 
14J X 55 in. each having a weight of 9301 lb. The width of the screen plates was 12 in. 
and the grinding area in one revolution was 5938 sq. in. It was also found that wider 
slots in the screen plates produced more fines. The -j^-in. perforations were replaced 
with openings from i to J in. and even larger, the limit being when too great a load is 
placed on the elevator and screen due to too large a percentage of tailings being 
returned to the pan. By selecting the correct screen openings the new 8 ft 6 in. pan will 
grind from 40 to 50 tons of 12- to 14-mesh hard fireclay dust per hour. 

1407. E^ Runner in the Ceramic Indusfry. Rhch, H. Keramische Zeitschnft, 
1952,4, 362-5. The action of an edge-runner pan mill upon the grains of material in 
clay minera^ is explained. The large grains or agglomerates are broken down but the 
smalls particle are abraded. In addition there is a shearing action which results in 
the coating of the grains with thin films of water, thus improving the workability of the 
clay, a ccmdusion which justifies the reliance which has long been placed on the edge- 
runner mill. The action of the runners is illustrated diagrammatically with geometrical 
analysis. 

1408. Automatic Operatioa of Mixing E^ Ruimars. Repnikov, V. A. Fireproof 
Mai., Moscow (Ogneupory\ 1951, 444; 1952, 1140. Automatic control for mixing 
batches of grog and clay for blast furnace bricks is described in detail. 3 figs. 

1409. Dry Pan inve^igatHHis Using Somali SamjAe Tedinique. Richards, R. Trans. 
Brit. Ceram. Soc., June 1955, 54 (6), 367-87. See under Ceramics. [P] 
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1410. What is tbe Proper Speed for Dry Pans. Seanor, J. Brick Clay Rec., 1954, 
124 (1), 45; (2), 55, 83. The ‘angle of nip* is one of the most important factors in the 
performance of a pan mill: factors affecting this an^e are fully discussed. As a rough 
guide, p^ sp^ds vary with the size of the feed as follows: lumps up to 6 in.—24 to 
26 rev/min, 3 in. and smaller--32 to 36 rev/min, H in, and smaller—^36 to 40 rev/min, 
i in. and less over 40 rev/min. Effective angle of nip is reduced as speed is increased. 

1411. Practical Merits and Thecnretical Vaines in the Preparatfon of Clay. Spingler, 
K. TonindustrZtg, 1942, 66,403. An account is given of apparatus used for the wet and 
dry preparation of clay. Output of bricks per hour for a single wet edge-runner mill 
ranges from 1000 at 5 h.p. to 4000 at 25 h.p. Output for a double wet edge-runner 
miU per hour ranges from 1500 at 10 h.p. to 7000 at 40 h.p. Output for a double-stages 
wet edge-runner mill per hour ranges from 3000 at 25 h.p. to 7000 at 40 h.p. A stan¬ 
dardization and simplification of the apparatus is suggested. IP] 

1412. Developments in Clayworking Madiinery. Sykes, L. J. Trans. Brit. Ceram. Soc.y 
1939, 38, 378. The design of edge-runners is discussed. 

1413. The Size Distributi<m of Broken SoMs. Taylor, J. /. Inst. Fuel. 1953, 26 (9), 
133-8. This paper includes a discussion of a ground product of maximum packing 
density. It is not easy by crushing alone, i.e. without sieving and remixing, to obtain a 
high packing density. Tliis may explain the continued popularity of the solid bottom 
pan mill in the refractory industry, despite its low mechanical effidenc\\ See under 
Size Distribution. See No. 405. 

GRINDING ROLLS 

1414. Grinding Rolls. See also under Paint. 

1415. Preparing die Surfaces of Grinding MiU Rods. Buhler, Gebr. U.S. Pat. 
2518836, 1950; Off. Gaz. U.S. Pat. Off., 1950,637 (3), 826. A device for preparing the 
surface of newly manufactured or trued mill rolls is described. 

1416. Improvements Relating to Roller Mills. Buhler, Gebr. Brit. Pat. 646540, 
1948/50. A resiliently mounted delivery plate is described for the exit from a roller 
mill to divide the stream of crushed material. It is mounted symmetrically at the exit 
from the roller nip in order to break up flakes. 

1417. Improv^ents Relatu^ to a MetiK)d for Di^posii^ ParaM Adjostai^ and 
Fixed Roller Sets or Frames. Buhler Gebr. Brit. Pat. 720961, 1952/54. The method 
employs a system of levers. 

1418. Gradii^ of Material Carey, W. F. Gas J., 1940, 231, 164; Ceramic Ahstr., 
1943,22, 35- He describes a method for giving a hi^ yield of closely-graded material, 
e.g. between 500 and 100 ft, which depends on producing a ribbon of the over-size 
grains several grain sizes thick. This ribbon is passed between rolls where its thickness 
is reduced, e.g. from five particles to four, thus forming fines by rubbing comers off 
the particles. The system is applicable to brittle materials (coal, granite, and anhydrite) 
and to soft amorphous materials. A full-scale machine crushed material originally 
between and |-in. mesh (19 000 to 9500 fi) to 1675 to 420 with a loss of only 15%. 
Two precrushing stages were used to ensure small reduction ratios. 

1419. Rofl-Mfll Ghindisg: II. Derign of the M03L Draper, C. R. Pcdnt Manuf., 1943, 
13, 42; Amer. Ceramic Abstr., 1948, 31, 227. 

1420. Rofi^-MIH Equij^^t. Grant, W. J. Off. Dig. Fed. Pamt Varn. Prod. CL, 
1949 (296), 599-605. An account is given of the development of roller-mills and advice 
is offered on installation, operation and maintenance. 

1421. Wcffkmg wifli Roller MIDs. Hantuscth, O. Farbe u. Lack, 1949, S5 (3), 87-9. 

A description of the adjustments that can be made to roller mills to secure optimum 
performance. Biustrated. 
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1422. ImjTOvenients in Hydraulic Control Mechanism for Roller Grinding and Like 
Mills. Holmes Bros., Paint Machinery, Ltd. (London). Briu Pat. 715806,1950/54. 

1423. A Study of Reduction by Roller Mills. Khusid, S. D. C.R. Acad. Sci. U.R.S.S. 
(DokL Akad. Nauk., S.S.S.R.\ 1953, 88, 449-52. (Translated by O.T.S., U.S. Dept. 
Commerce, Washington, as Tech. Rep., No. 22.) The deformation of particles between 
serrated rollers and the character of resulting product is studied and illustrated. 

1424- Devices fear Use in Connection with Roller Mills. Miag Muhlenbau und 
Industrie G.m.b.H., Brunswick. Brit. Pat. 718531, 1952/54. An improved device for 
adjustment and parallel displacement of the loose roll. 

1425. New <wr ImiMroved Stripper Arrangement for Keeping the Rolls of Roll Mills 
Clean. Miag Muhlenbau und Industrie G.m.b.H., Brunswick. Brit. Pat. 718670, 
1951/54. A comb-like stripper is mounted on the supporting bar so that clamping is 
firm but adjustable. 

1426. Notes on the Power Used in Crushing Ore with Special Reference to Rolls and 
Their Behaviour. Owens, J. S. Trans. Instn Min. MetalL, lx>nd., 1933, 42, 407; 1935, 
44, 421. After a theoretical treatment of crushing phenomena, the author develops an 
equation for work done in roll crushing. The conditions of drop test are compared 
with the setting of roll crushers. Comparison tests are made with roll crushers and drop- 
weight apparatus. Several types of equation are deduced. [P] 

1427. Investigation of the Method of Operation of Air Classifiers. Rosin, P. and 
Rammler, E. Ber. Reichskohlenrates, No. 24; Zement, 1930, 19, 984,1011,1035, 1060. 
Performance data are presented from experiments with a three-roll mill with a l^eiffer 
air classifier. The effects of throughput, speed and circulating rate on the working of 
the classifier, and the separating efficiency at different finenesses are given. [P] 

1428. An Arranganent for Adjustmg tl^ Rolls of Rolling Mills. Schlomann, A.G., 
DCisseldorf. Brit. Pat. 706146,1951/54. The setting spindle is actuated by an additional 
drive provided by a motor and friction, magnetic or dog-clutch, which permits in 
conjunction with coupling possibilities, a slow setting and prestressing of the roll 
bearer as well as a simple release of a roll which is binding. 

1429. Spechil Ai^cations of Grindiii^ Madiines. Scott, R. A. Chemical Engineering 
Practice, Vol. 3, Chap. 5, pp, 109-27. Butterworths Scientific Publications, 1957. 
Hie arrangements and applications of roll crushers, especially fluted roll crushers to 
the reduction of grain to flour are described and illustrated. Applications of millstones 
to com grinding are discussed, attrition nulls and hammer mills are also discussed in 
relation to flour milling and similar reduction. 6 refs. 

1430. Hie Laws of Grinding wifli CylMer Grinders. Seguih, T. Rev. Industr. min., 
July 1952, 33, 537-46. A summary of earlier work and results of numerous crushing 
tri^ on many minerals and rocks are presented. It is found that 50% of product 
Jessing the rolls is of larger dimension than the set of the roll gap. From this, and other 
data, diagrams are constmeted from which it is possible to predict the size characteristics 
of the product &om any type of grinding rolls. The work was carried out with com¬ 
mercial equipment with laige samples. 

1431. Fine Cru^iing RoQs as a Min^al Dressing Machine. Spingler, K. Ziegel- 
industrie, 1950, 3, 509-11. Its present-day in the ceramic industry and method of 
calculation of output and performance are discussed, and useful information on 
operation and maintenance is presented. 

1432. Grinding and Siftn^ Tuman, F. De M. Chem. & Ind. {Rev.), 1932, 330-7. 
A review of roU^, hammer, attrition, bail and tube mills, and oscillating, gyrating, 
and centrifugal sieving machines. The success of roll mills depends on hardness and 
depth of dull, thideness of roll walls, degree of rapid cooling possible, type of roUshaft, 
construction and luWcation of gears. The use of gear wheels with double-helical teeth 
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efiBciently lubricated for high-speed roll mills is indicated. The advantages of a new 
type of one-roll mill, in which the roU is totally enclosed in a casing provided with a 
grinding block on each side of the casing, for use with paint, etc., are indicated. 

1433. Formula for Calcolatii^ the Capacity of a Rofl IMKil. Yc^hida, J. /. Soc, Rubb. 
Ind,, Japan, 1948, 21, 51-3; Chem. Absir., 1948,42 (22), 9227. See under Paint. 

DISC MILLS 

1434. Homax Mill. Confect, Prod,, Mar. 1955, 111-9, A mill for pregrinding or for 
cocoa nibs or almost any paste which liquefies during milling, including paint. The 
stones (vertical) can be set to distances up to ^ in. apart. Roller mill fineness is not 
claimed, but makes an efiScient pregrinder for cocoa nibs, which can be reduced to 
100-150 micron size. 

1435. Improvements in Grindii^ Apparatus for Fflnous, Granular and Pulveruleiit 
Materials. Asplund, A. J. A. Brit, Pat, 106381, 1952/54. Additional support is provided 
for the horizontal shaft of a disc grinder to enable fine adjustment to be made with a 
view to being able to arrange the disc peripheries to a hundredth of a mm, which is 
desirable for very fine comminution of fibres, etc. 

1436. Centrifugal Grinding Mills. Beushausen, W. and Rumpf, H. (Alpine AG). 
U,S. Pat. 2712416,1955. Two discs with comminuting members on their faces, moimt^ 
on a horizontal axis and rotating at different speeds. 

1437. High Sp^ Grinding Machines. Billon, J. Peint.-Pigm.-Vern., 1951, 27 (3), 
170. Describes high-speed grinding mills recently introduced into France from the 
U.S.A. Grinding is effected by two carborundum stones, one fixed and the other revolv¬ 
ing at 3000 rev/min. Fineness of grind is governed by adjustment of the distance between 
the stones and there is little wear on the stones, which only require renewal every three 
or four months. Three sizes are described, of capacity 30-^ litres per hour, 1200 litres- 
per hour, and a large production size, respectively. 

1438. Improvements in or Relating to a Wet Grinding Mill Els, H., Frings, A. and 
Meuner, M. Brit. Pat,, 660954, 1948. A wet grinding disc for mustard and the like has 
a stationary and revolving mfOlstone, which can be adjusted during operation, and 
changed without dismantling the mill. 

1439. MOTebwHise Labcnatory MilL Guest Industrials, Ltd. A mill for laboratory 
processing and control work. Grinding is done by a carborundum stone revolving at 
high speed against a stationary carborundum stone, f h.p. requirement. 

1440. Stone Disc Grinding Mills with Unitary Matmal Lnpella: Secured to Runi^ 
Stone. Macek, M., Snr, U.S. Pat. 2704189, 1952/55. The impeller is a paddle wheel 
mounted on or in the upper runner. 

1441. Disc Type Disperser of Pigment Suspensioiis. Rafton Engineering Corpora¬ 
tion. U.S, Pat, 2448049, 1948; Chem. Abstr,, 1948, 42 (21), 8493h. Solids in liquid 
suspension, particularly pigments, are dispersed by impact shock against the serrated 
outer edges of a rapidly rotating disc. Adapted to chalk slurries. 

1442. A Pulverizing Mffl for Wood Knots or Wood Pulp. Satto, T, Brit. Pat, 723270, 
1952/55. A coarse crusher or shredder conskting of fluted or similar rolls in a hori^ntal 
casing, precedes a disc mill with horizontal shaft and axial feed. The grinding el^i^ts 
are confined to the outer parts of the discs and the gap converges to the ed^. Ihe 
grinding elements are of seriated design. 

1443. Plant for Piilverizii^ Coal Using a Plate Mill as an Ah: Entrahnnait MiH. 
Steinke, E. Silikat Technik, 1951, 2 (11), im Coal is reduced to 90% passing a 
70-mesh sieve under reduced pressure, and dried by air at 180®C. Power consumption 
is 28-30 kWh per ton. 
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1444. Giiiidliig Mffl, U.S. Fuel Research Corporation. Brit. Pat. 592828, 1945. 
It is clain^ that one passage through this disc mill will reduce such material as coal 
to 100% passing a 325-mesh sieve and 50% below 10 microns. Large sizes can be 
construct^. 

1445. Xmproveiiients in Grinding Discs. U.S. Fuel Research Corporation. Brit. 
Pat. 643249,1950. Improvements in colloid mills are described. 100-200-mesh material 
can be ground with liquid to less than half-micron size without excessive wear of the 
discs, by virtue of the larger particles being held up in ‘closed chambers’ in the discs. 


MISCELLANEOUS GRINDING MILLS 

1446. New Grinds widi 3000 rey/min Eniyes for the Food and Chemical Industries. 
Anon. Chem. Processing, 1957, 3 (2), 22. Two sets of knives are mounted on a disc 
which revolves in front of a perforated plate; by fbae adjustment, ultrajSne cutting or 
emulsification can be achieved. Capacity 500-2000 Ib/h. 

1447. Fine Grindii^ Equipment. Some Recent Transatlantic Developments. Anon. 
Chem. Tr. 27 July 1945, 117, 106. Three attrition mills are described. (1) The De 
Anza mill, which is essentially a horizontal bowl revolving at 1200 to 2000 rev/min. 
The crushed material is dropped into the bowl and reduction is effected by the particles 
moving against each other. Power costs for equivalent reduction are one-third those 
for a ball mill, and wear is negligible. The stated capacity is up to 500 tons a day. 
(2) A 200 ft long closed 2-in. pipe, round which the material, e.g. graphite, moves at 
about 10 feet/s. (3) A micro-atomizer for the range 1-20 microns, consisting of a rotor 
with special impact members, a pair of dispersion rings for air dispersion, two separator 
wheels to reject oversize and two fans. 

1448. Die FOmiB. Chem. Engng, 1952,59 (8), 176. The milling is done by a vertically 
set ring having a wedge-shaped inner periphery, and revolving and grinding between 
the oblique outer surfaces of two stationary adjustable discs. The feed is forced by a 
pump at up to 4000 Ib/sq, in. throu^ the central shaft of one disc, and this together 
with centrifugal force, enables the feed to pass through the double gap which can be 
adjusted from 0-001 to 0*015 in. The other stator can be water cooled. Performance is 
claimed to be superior to that of conventional roller mills and mixers for stiff pastes or 
doughs. 

1449. Imi«x)vements in or Rektii^ to a Method of, and Apparatus for. Crushing or 
Grmdii^ Mataial. Cross, E. J. (Communication from Nordberg Manufacturing Co.) 
Brit. Pat. 623820, 1946. A grinding mill with flexible side walls has a portion of this 
wall dented inwards by an outside roller. A material is fed into the revolving mill; 
it is carried by centrifugal force to the side walls, and as it comes to the portion of the 
wall that is distorted it is pushed by the bulge against the impact member, and so 
crushed or ground. 

1450. Improyements in ot Relatu^ to Pulverizers. Cunningham, R. J. Brit. Pat. 
615652, 1946, Balls are located in the cylindrical bowl at the bottom of a pulverizer, 
and a stream of fluid carrying the material is injected into the bowl at one or several 
points and causes the balls to rotate. A central cone in the bottom of the bowl controls 
the movement of the balls, or if a gas is used a valve controlled outlet in the top of the 
bowl controls tl^ outflow velocity. 

1451. Improveinaits in Puly«izi^ Ai^paratus. Foster Wheeler, Ltd. Brit. Pat. 
69695Q, 1949/53. The grinder consists of fijeely-mounted rings as grinding elements 
on one or more rollers mounted in the pulverizing chamber. The rings move laterally 
^d rotatively to one another. Air classification is provided if desired and the si 2 ® of 
feed IS not critical. 


29 


CnKiier and Mfater. Frenkel, M. S. Chem. Age, Lord., 
Oct. 1955,73 (1894), 947-54. The worm extruder has a continuously conical inter- 
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face between inner and outer screw, to permit relative axial motion between them. 
This provides the foundation for developing the mixer into a crusher and provides for 
easy adjustment. 11 figs., 4 refs. See also 1954,72, 1435. 

1453. A New Type of piam<md Cru^r. Frttsch, O. Industr. Dianu Rei\, 1953, 13, 
207. A coffee mill type mill with a slow moving plain ram does the crushing, and separa¬ 
tion into sizes is effected by an elutriation vessel attached to the outlet tube. A ball mili 
is used to improve the crystal shape where required. 

1454. Apparatus for Grilling and Breakup up Granular or Piece Materials. Gerde- 
MANN, O. Brit. Pat. 720972, 1952/54. A ball of approximately equal diameter to the 
vertical cylindrical vessel containing it, the vessel being provided with a hemispherical 
bottom, crushes the material fed from the top of the vessel in the narrowing space 
between the ball and the vessel outlet at the bottom. The vessel is mounted on springs 
and is vibrated by the eccentric provided. The ball may be provided with a shaft 
located in a guide at the top of the vessel. 

1455. Simultaneous Grindii^ and Flotation. Schellinger, A. K. and Shepard, O. C. 
Tech. Publ. Amer. Inst. Min. Engrs, No. 2461, 1948. A laboratory bowl mill enables 
flotation to be done simultaneously with grinding, the latter being by balls moving on a 
perforated base, throu^ which air is forced upwards. See under Ores. 

1456. Apparatus and Method to Ccunminute Solid Particles in Gas. Tann’er, H. G. 
U.S. Pat. 2552603, 1951. Off. Gaz. U.S. Pat. Off., 1951, 646 (3), 778. The method of 
comminuting finely-divided particles comprises suspension by agitation in a gas under 
compression, passing through a narrow annular turbulent zone having a width of not 
greater than i in. and being bounded on its outside by a rigid stationary surface and 
on its inside by a hard, smooth surface, moving at a speed of not less than 100 ft/s. 
The drawing shows the rotor to have a narrow conical or cylindrical periphery, the 
whole rotor having a very narrow clearance. The rotor was of the order of 3 in. in 
diameter. An example is included in the specification of the reduction of penicillin to 
4 microns in compressed nitrogen at a rotor speed of 35 OCX) rev/min. (The patent is a 
U.S. Govt, monopoly.) 

HAMMER MILLS 

1457. Cast Magnesium Rotor Stands High Speeds, IShocks, Stresses. Anon. Amer. 
Foundrym., Aug. 1951, 20, 51-2. See under Wheat; Hour. 

1458. AtomiU. Anon. Ceramics, 1949,198; Trans. Brit. Ceram. See., 1950,49 (1), 31. 
This is a hi^-speed swing hammer pulverizer, self-contained and self-feeding, and can 
be used for reducing raw clays from i in. to —300 B.S. in capacities up to 40 cwt/h 
(75-99% passing the screens). The mill is dustless. 

1459. Swing Hammer Mills. Anon. Chem. Age, Land., 26 Mar. 1955, 745. A descrip¬ 
tion is given of British Jeffrey Diamond swing hammer mills for the reduction of a large 
range of materials, including roots, bark, copra, cork, com cob, fruit peel, paper, peat, 
straw, town’s refill, wood refuse and tobacco. The mills have been applied as primary 
units and in multistage milling. The hammer can be used in four positions so as to 
utilize four wearing edges. Capacities 10-250 tons per hour. Product. 80-90% — i in. 
mesh in one operation. 

1460. Pulvaiz^ Hamma* life Imreased by Hard Facmg. Anon. Chem. Engng and 
Min. Rev., 1953, 45 (6), 220-1. Describes and illustrates the use of a spe<^ alloy, 
cobalide, for facing hammers for fine pulverizmg. They prove to be economic in use. 

1461. Chemical Enghieerii^ at the Briti^ Industries Fair. Chem. and Process Engng, 
1953,34 (5), 143. A d^cription of the ‘Intermediate Atomill’ espedaliy suitable for the 
diemical, colour, cosm^cs, food and plastics industries frequent deaning is a 
necessity. A 10-h.p. motor drives the shaft on whkh 10 hammers are mounts whidi 
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pulverize the material against heat-treated steel liners. The mill may be used con¬ 
tinuously and has 50-60% of the capacity of the larger Atomill. 

1462. Micro-Grinder. Chem. and Process Engng, 1955, 36 (5), 188. A multi-stage 
hammer mill grinds dyestuffs, limestone, gypsum, cocoa, resins, pharmaceutical pro¬ 
ducts. Capacities from i to 5 cwt/h from 1 to 25 microns, i.e. 325 mesh and finer. 
Machine requires minimum maintenance, little floor space, suitable for rapid cleaning 
where changes of product are frequent. 

1463. Circular Saw Shock Treatment. Anon. Chem. Processing, 1956, 11 (15), 4~5, 
The mill consists of a circular saw, 36 in. in diameter, i in. thick with 226 teeth, and 
revolving at 3600 rev/min using a 125-h.p. motor. ^ nozzles are arranged aroimd 
the saw and project slurry of the order of 6:10 pigment-water at the advancing teeth, 
at 80-100 Ib/sq. in. About 20 tons of pigment solids per day can be passed through this 
mill. It is thought that the shock action of the mill compresses the individual clusters, 
made up of minute crystals of calcium carbonate type pigment so that there is less 
penetration of the adhesive (paper coating) into the clusters and consequently less 
wastage. 

14M. PulvermiigL^t Materials. Edg. Allen News, 1953, 32 (368), 31-3. Illustrated 
description of a high-speed multi-hammer mill, suitable for pulverizing light materials, 
as listed, from wood refuse, shellac to chalk and asbestos. 

1465. Dfeintegratiim by Rema. Edg. Allen News, June 1956, 35 (408), 113-5. The 
Rema range of (hammer) disintegrators is illustrated and described in detail. Rapid 
access and also air flow are provided. 

1466. Reitz Labmatoiy Angle Disintegrator. Anon. Laboratory Practice, 1954, 3 (1>, 
41. The ‘angle disintegrator’ is claimed to be suitable for laboratory crushing, grinding, 
pulverizing, pulping, shredding, triturating and defibrizing. It can be adapted for blend- 
ii^, mixing, etc. A surrounding screen allows primary and secondary fractions to be 
dischar^d separately. The rotor has a number of arms, each having a hardened broad 
face or hammer of manganese steel, 

1467. Hi^ Speed Laboratory Grinding. Anon. /. set Instrum., Land., 1952, 29 (6), 
206. Quantities from a few grams to several pounds are ground to 300 B.S. in a few 
minutes in a 5-in. grinding chamber by 12 hardened hammers at 10 000 rev/min and a 
i-h.p. motor (shaft mounting). 

1468. Impact areaJdng. Anon. TonindustrZtg, April 1953, 77 (7/8), 144-6. A discus¬ 
sion of the mechanism of impact breaking. Expressions are deduced relating the speed 
and weight of the particles, free path of the particles and other factors. 

1469. Impact Crashing. Ackerman, L. Min. Mag., Lond., Oct. 1953, 89, 201-12. 
The re^ts of crushing tests on auriferous quartzites and conglomerates of the 
Tarkwaian and Witwatersrand series are discussed in terms of current theories of 
crushing and grinding. The power economy of impact crushing to fine sizes is compared 
favourably with that of the cylindrical mills commonly used for the final stages. The 
impact mi^ were hammer mills and pneumatic pulverizers (with target). Tables of 
data are ^ven for theoretic^ and actual surface area, energy input in drop-weight 
tests, free impacts on Tarkwaian quartzite, comparison of ball mill and impact crusher 
as concerns size of product, pneumatic pulverizer tests, available power of a pneumatic 
pulverizer. fP] 

1470. Pidi'm 2 liig Mills. Babcock and Wilcox, Ltd. Brit. Pat. 668775, 1952. Rela¬ 
tion to ib& mechanism of air ctosification and warm air throughput for a hammer mill 
on a horizontal axis. The classifying zones are above the mill. 

1471. Op€rari<«alExperkiicewifiiHammerMinsfOTa:ownCoalFiring.BECHDOLDT, 
H. Mitteilimgen <kr Veremigmg der Grosskesselbesitzer, 1953 (22), 326-8. Experience 
with two makes is compared, one with tangential and the other with axial air admis- 
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sion. Wear in the latter was excessive and necessitated reconstruction. Although 
modified for tangential air admission from below, hammer wear became less but was 
still greater than that of the first mill. [P] 

1472. Possibilities of Improvement of Hammer Mills. (In Russian, with Resume in 
English, French and German.) Beleni, I. Acta tech,, hung, (Academy of Science), 
1955, 10 (3/4), 355-92. For grain crushing and stock feeding, the most important 
requirement is the increase of fineness of the finished product. By boosting the peri¬ 
pheral speed, power demand and energy consumption are increased, as shown in 
tabular form, while fineness of product is increased. Energy demand for producing 
1 sq. cm of new surface may be considered as independent of peripheral hammer speed. 
The specific energy for a product passing a 3-mm screen was found to be 3*6 to 
4*2 X 10-7 kWh/sq. cm and 2*8-3 *2 x 10-7 kWh/sq. cm for barley at 10*8% moisture and 
maize at 18*0% moisture respectively. For grinding without screening, it was estab¬ 
lished that though output was high, the fineness of the product did not approach stock 
farming requirements even at 90 m/s hammer speed. 

1473. Modem Machines for Dry Size Reduction in the Fine Size Rat^« Be^y, C. E. 
Industr, Engng Chem. (Industr,), 1946,38 (7), 672-8. Two forms of hamrner disintegrator 
are described and illustrated. These are for fine grinding and are provided with sin^e 
or double whizzer classifiers. (1) The Microatomizer with 12-in. diameter rotor. 
(2) The vertical Raymond mill. A performance curv’e for size separation from 1 to 
8 microns against rotor speed is given. 

1474. Carbide Tipped Hammers Cut Pulverizing Costs. Fawcett, W. E. Iron Age, 
27 Nov. 1952,170, 114-16. Tungsten carbide tips are claimed to last 100 times as long 
as normal hammers. Illustrations and uses are presented with examples of improved 


output. 

1475. Unusual Techniques in Grinding. Foote, J. H. Chem. Engng Progr,, 

72. The wider the hammer head the finer the product. For fine grinding it has been 
found of advantage to have a single piece head supported by several legs. For very 
soft materials a tapering head having a cutting action has been found advantageous. 

1476. The Use of Hammer Mills in the Glass Industry. Jobkes, J. Gl^teck, Ber., 
1949, 22, 407, The recently-developed use of hammer mills, ’^ch wei^ 1^ and 
consume less power than other pulverizers, for grinding cuUet, li^tone, etc., ^ 
plants is noted, together with average outputs for different types of char^. 1 fig., 1 table. 

IP] 


1477. Increased Output in Air Sw^ Hanuner INClls. Kro^E. 
undEnergie, 1954, 6 (5/Q, 98-102. A description of how modr^ 
can improve output. Detailed description with illustrations is givai of the slotted 
hammer head and shafts for quick replacement. 


1478. Tertiary Cmito for Soft H«ne Ores. Lang, C. J. Iron St. ^ 

164. To avoid build up of fines on the breaker plate (the han^ tips always 
remaining clean) a double opposed roll should maintain all hammer tips dean. 

1479. The Attritor Pnlvenzer and Some Ty^al Apidfcation to Fma^ M<«la^ 
A. G. Pulverized Fuel Conference, Institute of Fuel, 

crushed coal is fed to the pulverizer where it is Sung m tuitatotjn^on 

and finaUy removed in an ak stream vriuch can also be used as the drying medium. 

1480. Manganese Sted in Crashing MacWnes. Pickering, W. B. S^C^s Mmr^ 
1935,2,73-80. A new field was opened up to metallur^cal p^ce by 
manganese steel, the only steeb previously in general use 

Vari^ types of crushers, etc., in which manganese steel is nowused are described and 


illustrated. 

1481. Possibilities and Advantages of Impact Crashers hi Ore Dressing. Pufte, E. 



264 


CRUSHING AND GRINDING 


Z. Erzbergb. Metallhuttenw,, 1950 (III), 41-7, 75-7. Prall mills were used for the first 
time in ore dressing, low-grade lead-zinc ore at Mechemich. They were not merely 
additional machines, but performed special functions with the ore concerned, and 
should do so with other materials. The use of prall mills deserves greater attention. 
The two types of mills used were by Hazemag, Munster. The mills are described and 
illustrated, the effects of variables are presented graphically and a table is presented 
to show the advantages of the prall mill in respect of quantity of output, power per ton 
output and cost per ton output over other breakers and mills, i.e. jaw and roll crushers, 
faaimner mills and ball mills. The greatest differences are between the ball milk and the 
prall mills, where in all cases for mischerz being ground, the advantages of the prall 
min were from 2 to 6 times, 18 and 10 times respectively. The advantages in selective 
crushing are determined and illustrated quantitatively. jP] 

1482. The Use of Tinmen Caihkle in Coal Pulverizers. Rogers, W. C. Mech, Engng, 
N,Y,, 1950, 72 (11), 913-14. Description of the use and performance of tungsten- 
carbide protective facing on pulverizer grinding elements. A new design of mill which 
takes full advantage of this material is shown. Coals of up to 20% moisture have been 
pulverized successfully. 

1483. hiyesdgati<«i of an Impact Pulverizer. Rosin, P. and Rammler, E. Ber. 
Reichskohlenrates^ C.55; Arch, Warmew,^ 1935, 16, 13. Performance data for an 
Anger mill (air jet). Cuires are given to show the relationship between output and 
fineness, kW, kWh/ton, air consumption and velocity, and kWh/ton and fineness. 
The energy varies from 20-24 kWh/ton. For earlier resiilts see Braunkohle, 1934, 449, 
467, 481. [P] 

1484. Swing Hamma: Mills. Ryder, P. G. Edg, Allen News, June/July 1947. Includes 
a comparison between costs of swing hammer mills v. other types. The power con¬ 
sumption is of the same order as tube, ball and ring roll mills, but maintenance costs 
are several times as great, for 85% coal passing B.S.S. 200 and delivering 30% primary 
air. 

1485. Scott-Rjetz Equipment for the Food and Chemical Process Industries. Scott, G. 
& Son (London), Ltd. Bulletin 118,1954. The Scott-Rietz disintegrator described and 
illustrated is a hammer mill (with screen) on a vertical shaft, ball bearing and bottom 
disc h a r ge. Four ranges from 5 to 400 h.p., 1800 or 3600 rev/min. A Scott-Rietz pre- 
breaker is illustrated. This is a slow-speed hammer mill with horizontal shaft revolving 
in a horizontal housing. The latter is fitted with stationary anvils and with deflectors 
for end discharge, i-100 h.p., 10-600 rev/min., in a range of five models. 

1486. H.S. Mfll: Constraction, Ai^licatnm, P^mmance. Seidl, H. Arch, Wdrmew,, 
1942, 23, 81-5. This air-swept hammer mill by (German) Babcock and Wilcox is 
developed from the Klramer null, and its installation is discussed. Operating data 
show that it is decidedly superior to the Kramer mill. A tabular comparison of per¬ 
formance with that of the Kramer mill and of performance with various brown coals 
and hard coals is presented. [P] 

1487. ^veless Hammer Mfll for Fine Product. Sultor, K. H. Zement-Kalk-Gips,, 
1953, 6 (1), 25-7. Pneumatic separation is employed with oversize return and final air 
filter after the bulk of product has been removed by cyclone. Two plants, for large and 
for ^nall output, are illustrated. Regulation of grain size. 4 refs. 

1488. Impact MilL Torlach, A, Z. Ver, dtsch, Ing,, 1955,97,493-6; J. AppL Chern,, 
Lo/id., 1956, 6 (1), 11. The advantage of the impact mill over other methods of size 
zeciuction lies in the combination of high throughput, low-power requirement, low 
weight, small space lequirement, freedom from closing and easy replacement of 
worn parts. Breakage into cube form is of importance to some industries. 

1489. Some oa Coal PulveitzatkMi. Vernon, P. V. Engineer, Land,, 1928, 
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145,176- Includes performance data for high-speed impact mill. 40 h-p. for 2 tons per 
hour, and 23 h.p. after deducting power for fans. [P] 

1490- A Small Laboratm^^ Pulverizer. Wright, B. M. Chem. & Ind, {Rev,), 3 Jan. 
1953, 26, 8-10. An impact mill is described, having a rotor whose carefully balanced 
impact members throw the material against a specially-shaped peripheral stator which 
throws the material back to the rotor. Speed 20 000 rev/min, maximum size of product 
10 microns. It is designed for pulverizing coal. Output is 200 g/h for steam coal, 
20 g/h for anthracite. Full description and diagrams. 4 refs. 

1491. Pulverizers. Young, C. W. Brit. Pat. 578236, 1946. The pulverizer consists of 
rotors provided with peripheral pulverizing members rotating in parallel planes 
between one another, the two shafts rotating in the same direction. The rotor members 
may partially or wholly overlap. Either a high- or low-pressure fluid system (air) may be 
used, by which the particles are forced between pulverizing members moving in opposite 
directions. See GiHings, D. W., /. Iron St. Inst., 1951,167, 400-39. 

PINNED DISC MILLS 

1492. Grinding Free Flowing Mata:^. Edg. Mien News, 1954, 33 (379), 6-8. A 
description of the two classes of pinned disc mills. Class A—4he pins are supplemented 
by a circular grinding chamber at short radial distance from the periphery of the discs. 
Class B—^there is no additional wall and so the material receives no further treatment 
after leaving the pins. The product therefore is not so fine. The details and performance 
of three sizes of each type are tabulated. 

1493. Impact Mill. Anon. Industr. Chem. Mfr., 1956,32 (372), 44. The principle is to 
reduce by impact against the pins of two pinned discs mounted horizontally. Impact 
against the housing assists. 

1494. How Low-D«isity Solids are Made. Abbott, J. A. Chem. Engng, 1952,59 (7), 
212-5. Deals largely with foams. Pressure drop, etc., in pin mills is also discussed. 

1495. Sieveless Centrifr^l MilL Alpine AG., and Rumpf, H. Brit. Fat. 689936, 
1949/53. The miH has two discs with grinding pegs, rotating on a horizontal axis. 
The housing is spaced far enough away for the particles to have lost their kinetic 
energy, and so avoid stiddng to the walls, and to be carried away by the air stream. 
Fineness is determined by the speed of the discs and their relative direction of rotation, 
and rate of air flow. 

1496. Improvem^its Relating to a Cmsliiiig MOL Stolberger Zink AG. fur Bergbau 
und Huttenbetrieb (Aachen). Brit. Pat. 718936,1952/54. The pin miH is provided with 
a centrifugal plate on which the feed falls, to be flung outwards against the discs. From 
these the material is flung back against the surface of an impact ring, or else particles 
are flung directly against the inner surface of an outer impact ring, to rebound on to the 
moving pins unless the fine material fails down towards the exit at the bottom of the 
miH. The shaft is vertical, and the feed is central on to the centrifugal plate. 


BASKET MILL 

1497. Opposed Disc Rotor Type Caitrifigse. Paul, C. F. U.S. Pat. 2502022, 1944. 
Two discs revolving in opposite directions are each provided with two shaHow peri¬ 
pheral pockets. The material is fed from the central shaft and reaches the housing 
exit after attrition between the oppositely moving surfaces. See German Pat. 645522, 
1935, Basket MiH. 

1498. Airangemart fcwr PuIvCTfrn^. University Patents Inc., New York. German 
Pat. 645522, 1937. A description of an improvement of the basket mill. 
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MISCELLANEOUS IMPACT MILLS 

1499. ToirfJied Disc Mills. Condux-Werke (Wolfgang, near Hanau). Dechema 
Exhibition, 1955. Illustrated pamphlet of various models. Very fine adjustment by 
hand wheel with counter attached for reproducible setting. Suitable for textiles, paper, 
wood pulp, leather, for continuous, fine, and uniform disintegration. 

1500. A Grinder Makes Uniform Fines. Cronan, C. S. Engineering (JLond.), 151-2. 
Three plates fitted with peripheral beaters or hammers revolve on a horizontal shaft 
in a housing fitted with an interchangeable fiuted liner. An air flow carried the product 
throu^ the mill by way of holes in the plates, into a combined classifier the rotor of 
which can be operated at speeds difierent from that of the grinding section. Classification 
is by inward movement of the air, and outward movement of the oversize and return 
to the feed end. It is claimed that sugar can be ground to 99-9% passing a 300-mesh 
sieve at 800 Ib/h in a 20-in. diameter mill using 40 h.p., or 1300 Ib/h at 99*7% -300- 
mesh product using 60 h.p. It is claimed to be suitable for pharmaceuticals, dried xnilk, 
etc. 

1501. Centrifugal Mill. Klagsbrunn, J. and Markus, E. Briu Pat. 683849,1949/53. 
The mill has a stationary grinding unit provided with a number of chambers around 
its circumference into which material is throvm by rotating blades, oversize being 
returned after passing along the spirally curved inner wall of each chamber while the 
fine material is removed from the chambers by an air stream. Pulverization occurs by 
impact against the blade and wall and also by impact of the returned oversize projected 
into the main feed. 

1502. Centrifugal Mfil. Kohlenscheidungs G.m.b.H. (Stuttgart). Brit. Pat. 720788, 
1952/54. This mill, suitable for pulverized coal firing, consists of a paddle wheel with 
horizontal shaft with axial air blast and feed. 

1503. A redaction Mill. Lecher, J. Brit. Pat. 696799, 1952. A vertical cylinder 
contains tiers of closely-spaced arms mounted on a vertical shaft revolving at high 
speed. A heavy iron plate is mounted at the end of each arm. A circular iron plate is 
attached below each tier of arms and revolving with them, thus dividing the total space 
into fiat compartments. Access to each compartment is thus only by way of the peri¬ 
phery, up which an air stream carries the feed. The feed is cau^t in violent motion 
bet\wen the arm plates in successive tiers and partially dried and pulverized if fed 
alone, or else mix^ or coated if fed in conjunction with other solid or liquid ingredients 
having separate access to the mill. A one ton per hour mill uses a 50-h.p. motor. The 
product fceness depends largely on air speed. Separation is done by conventional 
means. 

1504. Method and Apparatus fo€ Redocin^ Solid MateiMs Utilizing Vibratory Shock 
Waves. Lecher, J., Microcyclchviat Co. U.S. Pat. 2709552, 1955. A stream of air 
carries the particles to be reduced to 1-3 mu upwards through a cylindrical casing 
past several tiers of revolving arms moxmted on a central shaft. At the ends of each arm, 
of which some 25 are mounted on each circular tier, are attached flexible members, 
moxmted in suitably-shaped clamps. These members vibrate at hi^ speed by virtue of 
the rotation of the arms and the clearance between the members and the plain or cor¬ 
rugated inner shell wall. Deflectors throw the air stream outwards to the shell so that 
^ material comes in contact with the vibrators. The movement of the vibratory blade 
is computed to be 460 ft/s. Tl^ movement of air increases the rate of impact by 166 ft/s. 

1505. Method and Aiq[)aiatEis fw tiie Production of Fine and Ultra-fine Particles. 
Lechhi, j., Microcyclomat Co, U.S. Pat. 2752097, 1956. The method is that of 
canying the solid into a dry gaseous fluid, subject it to collision with solid surfaces to 
effect fracture and disintegrate by subjecting the granules to intense sonic bombard¬ 
ment at a level of at least 120 decibels. 
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1506. Grinding and Pulverizing Mediod and Apparatus. Macartney Patents, Ltd. 
Brit. Pat. 639050,1946/50. The material is fed from above into an inverted cone rotating 
inside a larger one, the latter rotating in the opposite direction. The material is flung to 
the wall of the outer cone. 

1507. The Commercial Production of Lltra-Fine Powders and Hieir Profitable Use in 
Industrial Processes. Micronic Products, Ltd., London. Booklet, 1955, 16 pp. The 
material is carried by an air stream from the bottom of the cylindrical casing inwards 
towards the rapidly revolving shaft and out through the top. Attached to the shaft is a 
series of annular discs and resilient vanes with fine clearances. No diagrams. The air 
velocity produces an ultra-sonic vibration of the resilient vanes, which produce most 
of the breakage. Particles are also thrown outwards and hit the casing liners which can 
be specially shaped and are of hard, wear-resistant metal. The firm states that 3 cwt/h 
of zinc stearate and 10 cwt/h of cocoa-nut shell for the plastics industry can be accom¬ 
plished with the normal 50-kWh input. 


COLLOID MILLS 

1508. Grinding of Materials in Gamany, 1939-1945. B.LOS. ReporU No. 1356, 
1948, H.M. Stationery Office, p. 43. Pulping soft organic materials, minerals, and 
emulsification of oils. One mill consists of an inner cylinder rotating at 3000- 
10 000 rev/min inside a fixed cylinder. Comminution is due partly to abrasive seizure and 
partly to eddy effect, since the clearance is very small. 

1509. The Premier High Speed Colkiid Mill. Anon. Chem. Prod., 1954, 17 (10), 
388-90. The rotor is a frustrum of a cone; working surfaces can be varied between 
0-003 and 0-03 in. Peripheral speed 11000 ft/min. Horizontal shaft. Output of the 
series of sizes is 20-2000 gal/h. 


1510. Cofloidal Chemistry and a Colloid MilL Anon. Engineering, Land., 1920, 

429- A lengthy discussion of the remarkable claims made by H. Plauson on beh^ of a 
new type of disintegrator, on which experiments were begun in 1911. With dry grmtog 
of coal, talc, graphite, etc. sizes down to 1 micron were reached. With wet grinding 
0-1 micron is claimed. The results obtained by use of various disperse media, ac^lera- 
tors and protective colloids, proportions of media and the adverse effects of electro¬ 
lytes, etc., are discussed. 

1511. Symposium on Nudeation. Industr. Engng Chem. (Industr.), 1952, 44, 1269- 
1340. An understanding of nudeation processes is fundamental in the preparation ot 
all types of colloid suspensions. 

1512 Colloid Mills: Grinding Experiments with Dyestuffs. Microfilms of Ge^n 
Documents. Obtainable in microfilm or photostat form from: Lendmg Library Unit, 
D.S.I.R., Ref. FD1157/50, Frames 2460-76. 


1513 Some Exponents on Cdloidal Grindhog with a BaH MilL And^asen, A. H., 
Berg, S. and Kjaer. E. Kolloidzsckr., 1938, 82^7. A 5-litre 

for the experiments at the critical speed of 99 rev/nun corr^pondmg to « kl, 
with *=42-3 and in which n=rev/inin and i)=the di^^r. A lar^ 
steel bails (7-94 and 3-93 mm diameter) occupied 37-3% of 

■The materials were finely-ground heavy spar and pohshmg red, chosen berause tae 

attack on the particles. The method of carrying out the anal^ is 
red was more difficult to grind than heavy spar. Fur^, ^ smalto ^ 
effective tRan tl» lar^r, but to a much less degree with polishing ^ than with ^vy 
fS^[hedffierence in the finest grain sizes was up to 50% wiffi and ^ 

than tnv with Dolishing red. Into the latter 4% of iron was mtroduced during the 
S^bffi^rdy“to the spar. After 24 hours’ grinding 20% of the spar was 
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below the 0*1 ft size, after 27 hours 48%; in the polishing red this fraction made up 
15%. With usual porcelain balls practically none of this fraction is obtained. 

1514. The CoHoid CiNoslitii^t of Mataial to be Ground. Andreasen, A. H, M. Ber. 
dtsch. keram. Ges., 1938,19, 23. 

1515. A New CoOoid Mill. AusprrzsR, Otto, Oderberg Chemische Werke, AG., 
Neu Oderberg, Czechoslovakia. Industr. Engng Chem. {Industry 1928, 20, 413-15. 
The corrosion and wear observed in the types of Plauson mill u^ to date indicated 
that much power was wasted through friction. The Oderberg mill is an attempt after 
many futile efforts to reduce this friction while using the Plauson beater principle. 
In the Oderberg null the material is conducted tangentially past the beaters, the mill 
chamber being empty and thus there is no rotation of bulk material as in previous millg . 
The material passes through the mill slowly, so that the benefits of full rotational 
velocity of the blades are obtained. These are at the periphery of the housing and not 
on an eccentric shaft. The Oderberg mill is claimed to use only one-seventh of the 
power of the Plauson mill for equal output. Diagrams of mill and of settling tests on 
product. 

1516. The Colloid Mill and its Use in the Chemical Industry. Block, B. Z. cmgew, 
Chem,, 1921, 34,25. A general account of the process as worked out by H. Plauson. 

1517. A CidloM Mill in Laboratoiy Glassware. Boye, E. Chemikerztg, 1950, 74,721; 
Chem, Abstr,, 1951, 4493. The apparatus has two oppositely rotating discs on a con¬ 
centric axis with several slotted rings attached to one face and moving in the Armniar 
space between a pair of similar rings attached to the opposite disc. The material is 
thus forced through several changes of direction as it passes between the discs. Stable 
emulsions of water and oil can be prepared without emulsifying agents. Colloidal 
dispersions of sulphur, graphite and pigments in water can be made. Sizes range from 
250-1000 c.c. 


1518. Clays in a Colloid MilL Burdick, R. Bull. Amer. ceram. Soc., 

24, 160. The use of the colloid mill for dispers ing clay slips results in greater 
effective fineness of the clay. Grinding of coarse shale and sand particles is accomplished, 
but t^ ultimate particle size of the very fine fractions is not greatly changed by the 
colloid mill. Dry and fired strengths can be improved by colloid milling. Drying shrink¬ 
age is changed to no great extent, firing shrinkage tends to be increased, and fired 
absorption tends to be lowered by colloid milling. Colloid milling should be most 
advantageous when dispersion of a clay in a medium of low pH is desired. 


^ 1519. Colloid MOIs. China, F. J. E. Brit. Pat. 675690,1952. This is a dispersing milij 
^ wMch the material is fed verticaUy and regulated by passing between rollers before 
mopping on to the horizontal rotor. The working surface of the rotor can be leather 
Mted asb^os, wool felt, rubber, etc. The drawing shows the method of attachment 
o^e working material to the periphery of the rotor, and how the vertical (outside 
surface) of the working material moves in contact with the inner waU of the housing. 

15'm. Kne Grindu^ Aw>arafuES. Dickinson, W. H. Brit. Pat. 611583, 1946/49 A 
taj^ drum rotate inside a hohow tapered drum. The clearance is therefore adjust- 
abfcj. GrooTO run length of the inner drum, alternate ends of the grooves being 
closed to achieve mlet and outlet. Scrapers are fitted to the outlet grooves. 


41 mV ^ 1922, 

41 (20). 435R-438R. After reviewing the size limitations of dry grindin& the authors 

^ grinding in liquid n^dia by two methods: 

(1) betvween rotatmg discs, (2) by the Plauson colloid miU. This is a standard dnsi gn 

and consists of an eccentricaHy-disposed beater 
beatOT arms revolve at high speed between baflSes at small clearance 
di^iosed above and below the beater wheel. The pulverized material in the desired 
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liquid is fed into the top of the housing. Methods of operation, precautions, etc., are 
described and a long list of materials which can be treated and with tl^ir apj^ications 
is included. The numbers of 12 English and 6 German patents are given. References 
to originai work are given: Z. angevc. Chem., 1921 (25), 34; 469-73. The Colloidal 
Mill and its possibilities, by H. Plauson; (25), The Colloidal Mill and its applications in 
chemical technology, by B. Block. 

1522. Colloidal Disc Grindii^ Mills. U.S. Fuel Research Corporation. BriL Pat, 
592828, 1944. The invention relates to wet, high-speed colloidal disc grinding mills 
with feeding under pressure. 

1523. ImiHrovem^its in Grinding Discs. U.S. Fuel Research Corporation. Brit, 
Pat, 643249, 1950. See under Disc Mills. 

1524. High-speed Dii^rsingMadmi^fCcdloid Mills). GROHN,H.C^/ 72 .Ffl 6 r,, 1931, 
1-4, 13-15, 27-28. The pioneer work of Plauson is described. Colloid mills fall into 
two classes: (1) beater mills, such as the original Plauson mill; (2) mills in which the 
dispersion is forced through a slit as a thin film by high-speed rotors. Several mnu of 
the first class, including some operating by centrifugal force, are described- Those of 
the second class (Premier mill and others) are especially suited for the preparation of 
emulsions. The improvements made in the Plauson mill are chiefly concerned with the 
increase of speed and reduction of power requirements. The eccentric position of the 
beaters was retained, althou^ it involved a circulating of the liquid within the mill, 
which absorbed power. In the Oderberger colloid mill, however, the liquid is imme¬ 
diately removed by a pump, the action of the beaters being merely dispersive. The 
various theories of the action of the beater mill, as proposed by Plauson, Block and 
others, are reviewed and criticized. Travis’ view, that coUoid mills only defiocculate 
secondary aggregates without breaking up large primary particles is not accepted. 
The ‘vacuum dryer colloid mill’ effects improved results by forcing tli^ liquid in 
counter-current to the direction of movement of the beaters, and by the use of sub¬ 
sidiary additional beaters. Probably dispersion is a function of relative velocity, 
beaters and liquid, and of the number of impacts. 

1525. Colloid Grindii^ Airangem^t. Hebler, F. Farbenztg^ 1929, 34, 834; Pmnt 
Oil chem. Rev,, March/April 1929,97. Viewed from the tedmical and economic aspect. 
Results from ball mill and Plauson mill show that the former gives greater dispersion 
if time is long enou^ and even if 7-20 times as long, the power consumption is less 
than in the colloid mill. 

1526. Colloid Mill for Bituminoiis Dnulsions. Khudyakov, A. N. and Lamberg, 
B. A. Hydrotech, Constr, {Gidrotekk, StroiteL), 1948,18 (9), 30-1; Chem, Abstr,, 1950, 
44 (9), 4236h. A centrifugal mill with conical smooth surfaces is described. 

1527. Design and Operatkm of a Collokl MilL McLean, W. A. Chem, metall, Engng, 
1924, 30, 675-7. Describes a mill invented by F. J. E. China, of London, and used 
commercially for a year. The mill will disintegrate solid, plastic or liquid masses into 
colloidal particles whose dimensions are one micron or less in diameter. In design the 
mill consists of a rotor with a smooth face upon the frustnim of a cone, turning within 
the similar surface of a stator, the whole enclosed in a casing. Thus there are two 
variables in operating the miff; the clearance between rotor and stator, which may be 
from 0*002 m. up, and the sp^ of rotation, which may vary jfrom 1000 to 20 000 
lev/min. Solids must first be ground to about 150-mesh and suspended in a liquid 
me^um. The centrifugal action of the rotor sucks the liquid through the inlet at the 
bottom of the mill, throu^ the space between rotor and stator, and out through a 
discharge above the rotor. From 1 to 2-5 tons of feldspar per hour may be ground to 
colloidal fineness, with the passage of 3-5-5 tons of water medium. A d^cussion of the 
disruptive forces used by the mill is given, together with figure on power consumption. 
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1528. Metiiod of Grindii^ Solids to an Extremely Fine State and Preparing Colloid 
Sobitfons. Oderberg Chemische Werke AG. French Fat. 605655. Le Caouty 1927, 
24, 13776. 

1529. Progress in Particle Subdivision. Ostermann, W. Farbenztg, 1925, 30, 1873; 
Chem. Abstr.y 1925, 19, 2584. Brief review of the general methods of producing the 
colloid state, and types of colloid mills. 

1530. Hie Colloid Mill and file Possibilities of its Practical Application. Plauson, H. 
Chem. Z., 1920, 553-67; Chem. Tr. 16 Oct. 1920; Chem. Age^ Lond.y 25 Oct. 1920; 
Z. angew. Chem.y 1921, 34,469-73. The authors’ improvements on the disc and beater 
types of G. Hanning, German Pat. 289026, 1914/16, are fully described. The capabili¬ 
ties of the mills (reduction to 0*1 micron) and many types of application of the mills 
are discussed, one of the most important to the preparation of colloidal coal. 

1531. Process and Apparatus for tibe Manufacture of Dispersolds. Plauson, H. 
JJ.S. FaU 1500845, 1921/24. 5 designs of mill are described and illustrated, 4 of the 
beater type, one with smooth surfaces, and all with eccentric beater shafts. 

1532. Mediamcai Reducti<Hi to the Colloid State. Podszus, E. Kolloidsschr.y 1933, 
64 (2), 129-43. Although the aim of size reduction is a desired particle size, the product 
is normally heterogeneous. The author discusses the conditions for grinding to col¬ 
loidal size, and shows that theoretically, little energy should be required. Grinding to 
colloid size, however, consumes large amounts of energy which are usually impracticaL 
The author describes a whirling mill which rotates so fast that the material is reduced 
to a thick cloud of particles. The machine and applications are described in detail. 
3 figs, 

1533. Improvanents in Grinding Mills. Robinson, E. S. Sl A., Ltd. Brit. Pat. 646526, 
1948/50. This mill is suitable for pastes, and consists of a rotating conical horizontal 
member, the material being pumped into the narrow end and groimd in the annular 
space by the conical member which is not quite concentric with the housing. Special 
discharge arrangements are provided. 

1534. A &nall Ijaibomtoty Collaid MilL Roseneeld, L. Chem. & Ind. {Rev.)y 1950, 
31, 591-2. For dispersing very fine solids in, say, oils, the mixture is passed through a 
narrow gap between a rapidly rotating rotor and stator, the gap being a horizontal 
ring between the lower parts of the stator and rotor, variable between 0*002 and 0*006 in. 
The spindle is motor driven and at a gap of0*002 in. and a speed of 5000 rev/min a rate 
shear of about 200 000 cm/sec is obtained and a dispersion to sizes between 6 u and 

0*1 IL. 

1535. Deveh^ping CoBoid MilL Schotz, S. P. Crush. & Grind.y 1931, 1, 31-2. 
A brief Ascription of the early colloid mills, from the 1913 Plauson disc type, which 
made no impression, to the post-war ‘hydraulic crushing’ machine, in which particles 
could be reduced to 0*1 micron according to the speed of the rotor periphery. Lastly 
tA Plauson-Blodc mill driven at 12000 rev/min by an 80-h.p. steam turbine. The 
defects of this mill are enumerated. 

1536. Mec h a n i c al D^p^rsion by Means of a CoAid Mill. Travis, M. Industr. JE^gng 
Chem. {Industr.X 19^, 21, 421; J. Text. Inst.y 1929, 20, 464a. Historical survey of the 
apparatus with a description of its capabilities. Several types of mill are illustrated, 
tA main features being (1) the beater principle of Plauson mill, (2) opposed surfaces, 
either rou^ or smooth, disc or conical in form, working at high speed and small 
^aranoes 0*002-41*008 in., and p) the turbine milij which embody the beater, 
with rough or smooth surfaces, is continuous but not adjustable for wear. It is em- 
l^^sized that a colloid mill is a dispersion or defiocculating mill only and is not a 
grinding mill. Adequate knowledge of colloid chemistry is requisite for success for 
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these mills. 5 refs. The paper does not deal with ‘pressure colloid mills’ as widely used 
as homogenizers at 2-3000 Ib/sq. in. 

1537. Process for Manufacture of DIspersoids. Traun, H. O, Engl, Pat, 155836, 
1919/22, Four types of Plauson mill are illustrated and described, aU on the beater 
principle. The method of dispersal and the addition of protective grinding aids are 
included and described in the specification. 



Non-mechanical Methods 


GENERAL PAPERS 

1538. Noo-Mediaiiical Metfiods of Size-Reduction. Murphy, E., Ross, F. F. and 
Sharpe, G. C. H. Mon, Bull, Brit. Coal Util. Res. Ass., 1947,11 (7), 221-33. There are 
three processes by which solid particles may be reduced in size without the use of 
mechanical mills. These processes will be termed: ‘impact’, by which is implied the 
impact of the particles on a comparatively large solid surface; ‘attrition’, i.e. the 
rubbing of particles on each other or collisions between them; and ‘explosion’, i.e. 
the disruption of the particles from within by a sudden release of pressure without. 
These three processes and the mills which make use of them are described. Control 
of output and of fineness of product and power consumption in non-mechanical 
pulverizers are also referred to. 7 diagrams of the three types, and a tabular comparison 
of dimensions, power consumption, uses, etc., are presented. 25 references and a 
list of over 60 patents, German, British and U.S.A. [P] 

1539. Imiiact MflL A New Developmaat in Cntshii^ Technique. Torlach, A. Z. Ver. 
dtsck. Ing., 15 May 1955, 97, 493-6. The process leads to natural separation at grain 
boundaries, and is applicable to a variety of materials. 

AIR AND STEAM JET MILLS, WITH ANVIL 

1540. Skmie Novel Methods of Coal Pulverization. Anon. Engng Boil. Ho. Rev., 
Nov. 1946,61,147-53. Description of the German-built ‘Angers’pulverizer. Develop¬ 
ment, design and operation of coal pulverizer are described. 

1541. Recent Advances in Cmshii^ and Grinding. Dean, R. S. Bull. Amer. ceram. 
Soc., 1937, 16, 9. Deals, inter alia, with crushing by impingement on a plate. 286 lb 
of dolomite can be reduced to —400 mesh in one hour, when fed into a high-velodty 
gas stream and blown from a f-in. nozzle. 

1542. Esp^i^ice with Pneumatic Mills. (PraHmuhlen.) Engel, J. Warme, 1942, 65, 
The mode of action of the Angers !Mill is described, but most of the pap>er discusses 

experimental results and also gives a graphical representation of the data obtained. 
[P] 

1543- Pidverizh^ of Solids. International Pulverizer Corroratton, New Jersey. 
Brit. Pat. 592967, 1947. An apparatus which impels particles in a high-velocily gag jet 
against a block or anvil, situated below or above the jet. An exhaust from the anvil 
chamber classifies the product and returns the oversize. 

1544. A CcMitributHHi to the Skibject of Wear in Coal Grinding Equipment. Knock, F. 
Feuerungstechniky 1942, 30, 135-39. Includes a discussion of wear in the Angers Mill. 

1545. SSze Re&ictkm Tests in a Steam Plant at Cnno Werke. Marcard, W. Arch. 
Warn^w.y 1933, 14, 313—16. The new works showed increased efficiency over the 
original 1928 works. Both used pulverized fuel but in addition to the tube mill^ the new 
woiks prodiMxd a finer product by use of a second mill in which the ground particles 
wiTO impelled by a steam jet against a plate, the first application of such a mill. The 
results of four investigations are tabulated under ten. headings, giving in aU 240 items 
of operational data. Effickncy rose from 87 to 89%. Diagrams. [P] 

1546. Jet Inquct Pidv^izer. Microniser Co. U.S. Pat. 2487088, 1949; Off. Gaz. 
U.S. Pat. Off., 1949, 628 (2), 381. A gas jet blows the wet solid against an anviL Over¬ 
size material is returned. 
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1547. Expeitoice with Jet-Percnssioii (F^ Milfe. Rammler, E. and Engel, J. 
Braunkohle^ 1941, 40, 413-21. A gei^ral descxiptioii is given of fi»l mills in wiiidi 
use is made of the kinetic energy of a current of air by means of vMdx the fuel is i^o- 
jected violently against a fixed shield, the main advantage being that the mill contains 
no movable parts. Test data relating to the sizing of brown coal and brown-coal coke 
are given. The surprising changes in throuihput and power consumption when shidds 
of various designs were fitted indicate that further developments in the method are 
possible. [P] 

1548. Grinding Tests with Low Temperature Coke and Diy Brown Coal In Angers 
MOIs. Rosin, P. and Rammler, E. Braunkohle^ 1934,33,449-55, A61-1A^ 487-90. The 
chemical and physical properties of the milled products are tabulated and the applica¬ 
bility to various purposes is discussed. It is concluded that coke gives a product from 
the hi^-velocity air blast against the plate which is suitable for firing, briquetting, etc. 
With brown coal, however, the high temperature of the air blast cannot he tolerated. 

[P] 

1549. Xnvestigatkws with a Pneuniatlc Pahmzar PranmiO. Rosm, P. and Rammler, 
E. Arch. Wdrmew., 1935, 16, 13. Data are given in the text and graphically for an 
Angers and Kallbohmpneumatic impact pulverirerwith coke and brown coal reduction, 
in respect of feed, product, temperature characteristics, dimensions, capabilities and 
applicability. [P] 
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compounds with higher tensile strength and better elasticity. Materials are very suitable 
for latex compounding. Photomicrographs. 

1557. Blaw Knox Steam Jet Pulverizer. Anon. Steam Engr, 1947,16 (8), 432-3; (11), 
71-2. Two models are made, a circular and loop model. The fuel, of f-in. size, is fed 
by a screw feed to meet four impinging superheated steam jets at 700°-800°F. The 
broken material passes round the duct for further breakage until fine enough to pass 
out at the top of the pulverizer. The steam can be separated before being fed to the 
burners. Capacity up to 10 000 Ib/h. 

1558. Mediod of, and Apparatus f<H*, Providing Material of Finely Divided Form. 
Andrews, W. H. International Pulveriser Corporation. VS. Pat. 2032827, 1936. To 
avoid the wear on baffle plates on the one hand, and the imcertain efficiency of 
impinging jets on the other, the present invention is concerned with a vortex produced 
by spirally-arranged jets and baffles for producing turbulence. 18 pp. 

1559. Drying and Pulverizing Method and Apparatus. Andrews, W. H. and Speirs, 
J. L. U.S. Pat., 2494153, 1945/50. Description of the circular grinding chamber with 
peripheral inlets of gases and material and outlet for classification by cyclone, which is 
also described. 

1560. FWd Energy Pidvaizar. Bechtel, L. D. and Croft, G. M. Blast Furn., 
Oct./Nov. 1950,38,1190-2,1332-5; Mech. Engng, N. Y., 1950, 42, 742-4. Its relation to 
steam generation is discussed. Steam or air jets can be used, and the particles separated 
from the exhaust by a rotating blade classifier. With superheated steam at 750°F it is 
possible to dry while pulverizing. For bitmninous coal 0*4 pounds of steam per poxmd 
of coal are required for a product of 90% through 200 mesh or only 0*2 pounds for 
70% through 200 mesh. Two applications are described and test results given. [P] 

1561. Fluid Energy Mills. Berry, C. E. Chemical Engineers Handbook, 1951, 
Perry, J. H. Fluid energy and jet mills are described, and tabulated data are given of 
the performance of the micronizer working on materials of i in. diameter with steam 
and air media. A reduction to less than 5 jm from a 10-mesh feed is claimed for these 
mills, using from one to ten times the wei^t of fluid at a feed pressure of 100 Ib/sq. in. 
Internal classification and continuous withdrawal of fines is arranged. The method is 
not suitable for rubbery, fibrous or resilient materials. [P] 

1562. Fluid-type Attriticm Mill and Separator. Crowuey, H. L., Mosthaf, E. F. and 
Henderson, A. S. U.S. Pat. 2521000, 1950. This attrition mill has a closed circulatory 
path for the gaseous medium and the solid material which is to be comminuted and is 
held in suspension in the gaseous medium. This path is in the form of a vertical leg of 
large cross-section, intersected by a substantially horizontal leg, and a return portion 
connecting the upper end of the vertical leg with the horizontal leg at some distance 
from the intersection with the vertical leg. The gaseous medium and the solid to be 
comminuted are introduced into the path at a point remote from the vertical leg and 
propelled from the horizontal leg towards the vertical leg by means of a fan. Near the 
bottom of the vertical leg a propeller type axial flow fan, which causes an upward flow 
of the circulating medium and suspended material, and creates a zone of turbulence in 
the vertical kg near its intersection with the horizontal leg, in which zone the desired 
comminution is effected. The gaseous medium and comminuted material are removed 
at a point between the vertical leg and the point of introduction. 

1563. Industrral Grindii^ and Reducthm Plant Parts 1 to 5. Darling, C. S. Mech. 
World, 1948,123, 371-6,418-22, 447-52, 506-10, 555-8. Describes the rnilk available 
for cnishmg minerals, and deals particularly with fluid-type miUs, e.g. the Micronizer, 
Kidweli mill and Blaw-Knox mill, the material being steam or air borne. The Blaw- 
Knox mill is a combination of the micronizer (flat ring chamber) and the Kidweli mill 
(dosed loop circuit of pipes). 
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1564. Moticm of Fluid in a Curved Pipe. Dean, W. R. Phil. Mag., 1927,4, 208; 1928, 
5, 673. 

1565. Ultra-fine Grinding and Classification with Fluid Jet Piilverizars. Dufour, 
M. F. and Chatelain, J. B. Min. pMgng, N. Y., 1952,4 (3), 262-4. This is a description 
of the micronizer fluid energy mill, which has a relatively flat cylindrical grinding 
chamber. Micronizers are rated according to the inside diameter of the grinding 
chamber, which may be from 2-30 in., the number of grinding jets varying from 3-24. 
The capacity of different sized micronizers, and energy requirements for grinding a 
number of different materials are shown in a table (chalk, linwstone, not included). 
It is an advantage to precrush the material to at least 10 mesh, sometime 100-200 mesh. 
90% reduction occurs within a fraction of an inch of the orifice. Integral cyclone 
can effect 85% eflSciency separation with 2-mu particles. 

1566. Iminroved Method of Attritloit, and Mill for EMeetmg file Same. Eagle Pencil 
Co., U.S.A. Brit. Pat. 546474, 1942. Graphite, clay, coal, sandstone, cement, ore, etc., 
are pulverized by drawing a compact body of the comminuted material in a gaseous 
stream through a metal pipe. Attrition occurs between the particles, and the system 
is kept under reduced pressure in a closed system. 

1567. Super PulvmzatuMi of i^nall Anfiuadte. Haao^^nd, E. S., Blaw Knox Co. 
U.S. Pat. 2385508, 1946; Fuel Abstr., Feb. 1946, 416. Finely-ground coal is blovm 
by superheated steam into a loop of steel tubing, flow being maintained by additional 
jets. The particles impinge on one another and become superfiiw, and if blown directly 
into the furnace box they bum with approx, the same thermal eflSdency as gas. 

1568. Grinding and Pulverii^AMiaratns, International Pulveriser Corporation. 
Brit. Pat. 567453,1945. A horizontal jet mill with vertical spindle, in vdiich at least part 
of the containing wall is made to revolve and thus mcrease output This is attained by 
arranging for the floor of the chamber to be revolved about the vertical axis. This 
results in oversize being returned more quickly. 

1569. Studies on Pulverizii^ by Vortex in a Pipe. Kayoti, N. and Kogure, K. 
Trans. Soc. Mech. Engrs, Japan, 1952, 18 (66), 185-90; Japanese Science Review 
(JEngineering Science), Dec. 1952, 21. In a closed circuit pulverizer, the product from 
bituminous coal was found to have a size distribution which conformed to the Rosin- 
Rammier formula R= 100c*~*^®. The exponent n was 0-44 as compared with a bail 
mill product value of about 1 *0. Further, the value of b was nearly proportional to the 
applied energy and was about the 0-7 power of the diarging rate of the particles. 
From these and other observations it has been possible to design the apparatus and its 
operation. 

1570. Fluid Energy Mfll, for Grinding to Sub-sieve Range. Kingston, H. £., Berk, 
Ltd. British Chemical Engineering, May 1956, 1 (1), 30-3. The applications and 
capabilities of the micronizer are described, both for jet feed and worm feed. Illustra¬ 
tions are given of the mill and of plant layout, particularly that fitted with explosion 
suppression devices for grinding explosion-prone materials. The effects of all variables 
are discussed in detail and the advantages of steam as against compressed-air operation 
are described. A general guide to size of mill and grinding energy requirements is given: 


Size of Mill, Air Blast, 

in. (diameter) cu. ft/min 


2 

IB 

4 

40 

8 

100 

12 

225 

15 

350 

20 

550 

24 

1000 

30 



Steam 

Requirement 

Ib/h 


250 

600 

900 

1500 

2600 

4000 
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Air volume at N.T.P. Used at 100 pounds per sq. in. gauge. 

Steam supply at 150 pounds per sq. in. gauge and 550®F. 

Output Range: 

i to 4 Ib/h for the 2-m. mill, and 
500 to 3000 Ib/h for the 30-in. mill. 

1571. Pneumatic MiH Developed by AH-Union Tb^mo-Techiiical liistitiite. Kiseuhof, 
M. L. Bull. All-Un. Heat Engng Inst. (Izv. vsesoyuz. teplotekh Inst^^ Jan. 1946 (1), 
5-11; Engrs Dig., Aug. 1946, 7, 242-4. A description is given of the pneumatic mill 
first installed to operate in conjunction with a LoeflBer boiler at the No. 9 Mozenergo 
plant. Besides diagrams of the mill and of a pulverized coal preparation plant for the 
boiler there are graphs showing the relationships between mill output and fineness of 
final product, flow resistance of mill, specific power consumption and initial size of 
coal. 

1572. Infhieiice of Particle Size Distribution on the Properties of Nepheline Syenite. 
Koenig, C. J. /. A/ner. ceram. Soc., 1955,38 (7), 231-41. Samples of nepheline syenite 
prepared by conventional and fluid energy reduction methods were studied to deter¬ 
mine (1) their fundamental properties and (2) the characteristics they impart to vitreous 
bodies. Fluid energy methods make it possible to obtain materials which will pass a 
325-mesh sieve and yet do not have excessive amounts of fines. The largest particles 
by conventional grinding have more than 100 times the volume of the largest particles 
prepared as above. Fluid energy particles have lower bulk densities than conventionally- 
ground samples. The improvements in the resulting white ware are itemized. The mill 
used was a vertical loop mill with classifier outlet. Illustrations, 12 graphs, 6 tables. 
18 refs. 

1573. Size Reducticm Tests in a Steam Plant at Cuno-Werke. Marcard, W. Arch. 
Warmew., 1933,14, 313-6. See under air or steam jet mills with anvil. 

1574. Dryii^ and PulvaiziDg Ai^iaratus. Lnin’ovements Relating to Circulatory 
Pulvaizii^Mills. Microniser Co. U.S. Pat. 2494153,1950; Bnt. Patents 639762,1950, 
660674, 1951. 

1575. Jet Milled Pfements. Moore, C. W. G#. Dig. Fed. Paint Yarn. Prod. CL, 
1950 (304), 373-80. The milling with jets (moving at about 300^-600 mile/h) is not 
adapted commercially for ultra-fine size, under 1—2 microns. The particles produced 
are sm^th ovals or spheroids, without cracks or jagged edges. This reduces oil 
absorption. In the process, the particles lose most of their entrained and absorbed 
moisture, and, it is thought, the adsorbed layer of gas and moisture as well. 

1576. Steam mr Cmnp:essed Air Used to Drive Fhdd Energy Mfll for Micron Size 
Ormding. Oiive, T. R. Chem. Engng, 1950, 57 (2), 142. With --4-mesh particle feed 
controlled size material of 1-2 microns are removed throu^ a classifier at the inside of 
the bends. Powr consumption data are giv^. Process is suitable for pigments, face 
powders, abrasives, insecticides, etc. CP] 

CombiKtioii Apparati^ for Bumii^ Solid Fuel in Comminuted For m. Power 
Je^ Lto., Winter, E. F. Brit. Pat., 659094, 1950. The use of a vortex chamber for 
pulverizn^ coal and its combination with a combustion chamber so that the marirrmm 
I^rticle si^ of the product is controlled. Reduction is by mutual attrition assisted by 
wall serxatioii^ to promote turbulence. 

1578. Improvemeiits m cmt rdlafiBg to the Grinding w Pnlve riring of MOm^rals and 
Snnilar Materials, ^octor, H. A. Brit. Pat. 636503, 1950. The material passes with 
^ or steam m a spiral path provided with deflector ledges or ribs and spirally arranged 
jets discharging the pressure fluid, A classifier and coarse return are incorporated. 

im Soms Experiences ^ ihtt Giindn^ Speirs, J. L. Ceramic Age, 1942, 40, 
37. InscQssion of the siq)enority of the newer closed-circuit grinding over the older 
m^hods of open-circuit grinding used in the ceramic industry. In spite of valid objec- 
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tions from the ceramic industry closed-dicuit grinding retains supmority. The authcKr 
then discusses the ^Micronirer* reduction miD, espedally for colours and chemicals, 
although pigment colours can deteriorate under certain conditions. By this mill, silica 
and lignite can be removed from crude enamelling clay, and retained in the circulating 
load because of higher density. The grinding cost is relatively high. 

1580. Process for Sididivldii^ SdlM Partldes. Standard Oil Development Co. 
U.S. Pat. 2568400; Off. Gaz. US. Pat. Ojf., 1951, 650 (3), 818. Particular features: 
Huidized state in a hopper, separation by segregation, mechanical breaking of particles, 
introduction into fluid stream under pressure, and passage through a jet. 

1581. Method fwr Feeding Fuel. Stephanoff, N. N. U.S. Pat. 2550390, 1944/47. 
Pulverization by high-pressure steam or other gases. See under Coal, 

1582. Process fewr Disintegrate Crushed Materials. Texaco Development Co. Biit. 
Pat. 683318, 1951. The method is by dispersion in steam. See under Coal. 

1583. Apparatus and Method to C<Hmniimte Solid Particles in Gas. Tanner, H. G. 
U.S. Pat. No. 2552603, 1951. This method of comminuting finely-divided j^rticies 
into substantially smaller particles comprises agitating finely-divided particles in a gas 
mder compression, so that the particles are suspended in the gas; passing the gas 
with the particles in suspension through a narrow annular turbulent zone, having a 
width not in excess of i in., and bonded on the outside by a rigid, stationary surface 
and on its inside by a hard, smooth surface moving at a speed of not less than 100 ft/s. 

1584. New Fine Grinding Metii€»d. Trauffer, W. E. Pit dc Quarry^ Aug. 1950,43 (2), 
58-^2. An account of the preparation of talc at the Gouvemeur T^c Corpn. The ore 
is reduced respectively in a jaw crusher, cortee crusher, a conical flint pebble noJll and 
finally in a fluid energy mill. This is a vertical closed-circuit tube 8 ft high in which a 
hot-air blast at a speed of 1600 ft/s. meets the feed at 100 or 200 mesh size from the 
ball mill and reduces it to micron size. Three grades are prepared: 6,1 *5 and 0*8 microns. 
With the air circulating at 150-400 mile/h up to 6 tons may pass a given point in one 
minute, although only a few pounds are present at any one time in ea^ of the 14 
Wheeler fluid energy mills. Drying can be done at tl^ same time. See also Ckem. 
Engng, 1950, 57 (2), 142 (Wheeler Corporation). 

1585. Jet MiD Griiidii^ Frcot, C. M. Science^ 6 Feb. 1953, 117, Suppl. 3. A short 
account of the main features and costs of jet mill grinding. The air consumption vari^ 
from 20 cu. ft/min to 2000 cu. ft/min at pressures of 50-150 Ib/sq. in. The emitted air 
velocity may be as hi^ as 3000 ft/s at the nozrfe, and the load velocity up to 400 ft/s. 
Product size 20-10-5 microns or less. Costs to very low micron sizes range from 1 to 
10 dollars a ton according to the nature of the material, and say 3-5 dollars a ton for 
limestone, but costs vary widely according to size requirements. In general, rubbery, 
some fibrous or very resilient materials caimot be handled. 

1586. Pulverizing Min having Disposed Jets and Circulatory Classificatiim. Frost, 
C. M. U.S. Pat. 2704635, 1955. An exposed jet device is used to improve the product 
from a loop pneumatic mill in respect of increased output, more uniform and small 
size, and less oversize in the product. 

1587. Stream line Flow tiaough Curved P%»es. Whtie, C. M. Proc. roy. Sac. A., 1^, 
123, 645. 

EXPLOSIVE SHATTERING 

1588. Eaqplorive Shatterhig irf Mmerals as a SdbstitxAe for Cnis^Qg, Preparatory to 
Ore Dresshig. Dean, R. S. and Gross, J. Rep. Invest. U.S. Bur. Min.^ No. 3118,1932. 

1589. New Ideas m the Pr^aratkai oi Ore for M3!lig. Dean, R. S. and Gross, J. 
Canad. Ckem. Metall.^ 1932, 16 (3), 71-2, Explosive shattering is discussed on the 
basis of a microscope examination of typical mineral sections. The energy required 
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is calculated approximately from known steam values, and taking into account the 
heat of vaporization against the atmosphere, the steam requirement per ton of ore is 
calculated to be 97 000 B.t.u. or 7 lb of coal. Thus the costs are competitive with con¬ 
ventional shattering methods. A detailed design of the experimental crushing machine is 
given. 

1590. .Explosive Shattering of Minerals. Dean, R. S. and Gross, J. Rep. Invest. US. 
Bur. Min., No. 3201,1933. The mechanism of shattering is described and the effects of 
variables are discussed, 

1591. Recent Advances in Crashing and Grinding. Dean, R. S. Bull. Amer. ceram. 
Soc., 1937, 16, 9. The theory of the laws of crushing is discussed, and the complete 
crushing law for a solid is given as: kW—S-\-QS)^. The problem of comminuting 
plastic solids is to apply large forces efficiently to fine particles. Two new methods of 
doing this are described, i.e. explosion shattering and nozzle crushing. In explosion 
shattering, the material is fed into a closed chamber and subjected to a pressure of 
several pounds of saturated steam. Water is thus condensed on the surface and in the 
poxes of the material; the pressure is released suddenly and the expansion of the super¬ 
heated water shatters the mineral. This method has the advantages of giving a dry 
product, and the quantity of very fine material produced is much less than when 
ordinary grinding methods are used. In the nozzle-crushing method, the material, 
reduced to less than 3 mesh, is fed into a high-velocity gas stream and allowed to 
imping on a hard metal plate. With a nozzle of f in. diameter, 286 lb of dolomite can 
be reduced to —400 mesh in 1 hour. 

1592. Progress in Explorive Shuttling of Minerals. Gross, J. Rep. Invest. U.S. Bur. 
Min., No. 3223,1934,19-32. Describes characteristics of explosively crushed products 
and machine for continuous explosions. Gives eflSciency of method. 

1593. Cn^iiDg and Grinding. Gross, J. Bull. U.S. Bur. Min., 402, 1938, 70-98. 
Explosive shattering and experimental work on effects of variables on various materials. 
Tabulated and graphical presentation of results. Illustrated. 

1594. Exidosive as a Possible Economical Method of Ore Preparation. 

Gr<^, j, and Wood, C. E. Rep. Invest. U.S. Bur. Min., No. 3268, 1935, 11-19. Gives 
steam costs, capacity, and efficiency with various amounts of steam. 

1595. A^iaratas fw: and Method of Comminuting a Permeable Material. iNsirruTB 
or Gas Technology, Chicago. Brit. Pat. 591921, 1947. The material is passed with 
superh^ted steam through a convergent-divergent nozzle, and separation in a cyclone. 
Tl^^object of the invention is to provide a continuous process. 

1596. Method of Exidosive Pulverizaticm. Lobe, W. E., Kellogg Co. U.S. Pat. 
2560807, 1951. Coal is first granulated, then formed into a sluixy with water; the slurry 
is pumped to a higher pressure at which the greater part of the water is separated. 
The pressure is suddenly reduced and explosive pulverization is produced. The steam 
evolved is recompressed and recycled. Oversize is also recycled. 

1597. Exi^osicm, Unit operation of iwocess industries. Meigs, D. Chem. metall. 

1941, 48, 122—5. The^pplication of explosion, i.e. the sudden reduction of 

pressure surrounding a material previously subjected to a suitable rise of temp, and 
increase in pressur^ by the sudden expansion of the occluded vapour and gas, can be 
us^ for tl^ conuninution of minerals and cellular materials. T 5 q)ical processes are the 
splitting of mica, disintegration of wood chips and the ‘puffing’ of grain. 

1598. Apparatm for disintegration of soli^. Yellott, J. I. U.S. Pat. 2515541, 1950, 
Delibes apparatus in which coarse solids are fiirst shattered explosively to form a 
rapidly flowing gaseous suspension of shattered particles, which are given a vortex 
moYem^t--this may separate out the finer particles—and the kinetic energy of the 
suspension is used for further comminution of the larger remaining particles. 
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1599. Coal AtomizH-. Yellott, J. L and Singh, A. D. Pvr. Plant {Engng), 1945, 49 
(12), 82-6. Crushed coal is fed into a pipe containing superheated steam and then 
released. See under Coal. 

1600. Method Disintegratloii of Sdids. Yeluott, J. I. £/.5. PaL 2515542, 1950. 
A method is described for disintegrating a granular fluid-permeable material, in which 
the material is introduced continuously into a continuous stream of compressed fluid 
(capable of l^ing expanded with a pressure drop of at least 15 Ib/sq. in.), ahead of a 
discharge point at which the pressure of the granule-suspending fluid is instantaneously 
reduced. 
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abrasives: diamonds 

1601. B.LO.S. Reparts. H.M. Stationery Office. 

No. 26. Abrasives. Tlieir Manufacture and Uses in Gennany. 

No. 113. The German Abrasive Industry. 70 pp. 

No. 459. The German Coated Abrasives Industry. 15 pp. 

No. 1406. Abrasive Manufacture in Gennany. The crushing and sieving processes 
for the various ingredients are described. Crushing with rolls at 2; 1 speed 
ratio serves to keep the original profile so that regrinding is seldom 
necessary. 

1602. The German Abrasives Ihdiistry. FJ.A,T, Final Report, No. 370. H.M. 
Stationery Office. 60 pp. 

1603. Study of the Clas^ficatioii of Alnasive Grains such as Corundum and Silicon 
Carfoide. A^on. Sprechsaal, 1954, S7 (19), 473-9; Verres et Refr,, 1955, 9 (1), 51-2. 
Tabl^ of sizes are presented and simple sedimentation apparatus is described, where a 
solution of sodium phosphate is used (0*45 g/l. of water). Compressed air is used for 
obtaining a good mixture. 1 illustration, 1 table. 

1604. The Measurement of Grain Size of Tungsten and Tungsten Carfoide Powd^ 
used in the Manufacture of Hard MetaL Burden, H. J. Inst. Met., 1948, 75, 51-68. 
Various methods are discussed and experimental data presented. Illustrated. 21 refs. 

1605. Diamond Powders. Custers, J. F. H. Industr. Diam. Rev., 1954, 14, 147-9. 
Subsequent to the development of National Standards on diamond powders in 
Fnglmd, Germany and the U.S.A., the author has reviewed the problem of specifying 
sub-sieve diamond powders and m^es the following suggestion for a specification, to 
include (a) the nominal range, (b) the actual range with an upper and a lower limit, 
(c) undersize wMch can amount to a maximum of 15% by count, (d) oversize, in which 
no particles bigger than IJ times the upper nominal limit should be present, and 
(e) a cumulative percentage graph, which must nowhere deviate more than 15% from 
the ideal line. 

1606. A New Diamond Cni^ is Descrifoed. Frttsch, O. Industr. Diam. Rev., 1953, 
13 (9), 207. The crusher operates on the principle of a coffee miU^ that is by the rela¬ 
tively slow motion of the *ram’ and the ‘die*. It splinters the diamond by a mining 
action instead of by impact crushing. A slight vacuum is maintained to avoid loss and 
tl^ product is ffien ground in an iron ball mill to improve the shape of the grains. 
Size separation is effected in an elutriation vessel attached to the outlet tube. 

1607. Diamond Powd^ as an Industrial Product Grodzinski, P. and Leeds, R. E. 
J^r. dtsck. keram. Ges., 1953, 30, 197-204. Paper to 25th Jubilee Conference, Verein 
Deutsche Ingenieur. Fachausschuss fur Staubtechnik. Includes a discussion of the 
methods of producing diamond powders, e.g mortar crushing, by hand, by machine, 
and by ball mills. 

16(^. Hardn^ of Diamond. Khruschov, M. N. and Berkovich, E. S. Industr. 
D/am. Rev., 1951,11,42-9. Method of determining the hardness of very hard materials. 
Tabuto comparisons between boron and tungsten carbides, synthetic corundum and 
chromium diffused on steel. 

. Oonsfrnction and woifciBg of Plants fw Preparb^ Etectroconmdum 

^*a*es. PuiTE, F. SchMf-u. PoUertech., 1939, 16, 107-11; Ceramic Abstr., 1940, 
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1610. Cra^ Plates f<»r DiamoQ^ Young, R. S. /. Metals, N. K, 1951,191 (2j, 97. 
The crushing of ‘boart’ or low-grade diamonds for industrial applications is an 
extremely arduous operation. It is crushed in two stages, first by a small jaw crusher 
and secondly by a roll crusher. The former is the major operation, and martensitic 
white iron was found to give the best service. Its mago^c properties were useful in 
enabling a separation of the metaiiics from the product, and it was possible to crush 
1 000 000 carats or 440 lb of industrial diamonds before failure of the martensitic iron 
jaws. 

AGGREGATE 

1611. Sii]^ Sized Ro^ Stone Aggregates aud C%iwiDg^ 

A table of grading and particle size, methods of sampling and sieve analysis, deter¬ 
mination of fiakiness and group classification of rock are given. An appendix gives a 
short description of each of 90 rocks and minerals. 

1612. CiHicrete Aggregates firom Natural Sources. British Standards 882 and 
1201:1954. B.S. 882 gives definitions, quality requirements and sieve gradings for coarse 
aggregates, fine aggregates and all-in aggregates suitable for use in mixing concrete. 
Test requirements are given for clay, silt and fiiie dust, organic impuritks and frost 
resistance. B.S. 1201 provides for coarse aggregate and fine aggregate and all-in 
aggregate suitable for preparation of concrete fioor finishes. 

1613. Grading Reqoireineats for Gravd. British Standards 1984:1953. 

1614. 18 Spedficatfom and 33 Methods of Test for Aggregates for Road Constraciion 
and Cmicrete. A,SJr.M, Stand,, Part 3, 1955. 

1615. Rock Crusher Performance. Anon. Chem, and Process Engng, 1953, 34 (10)* 
331. A note on the ‘Gyrasphere Crusher’ made by Pegson, Ltd., on the principle of 
an inverted pestle and mortar. It was found by J. W. Swindells, Ltd., New Mills, near 
Buxton, Derbyshire, to avoid the excessive wear previously experieiKsed in reducing 
high silica rock to road aggregate. The new crusher gave a cubical product, minimiim of 
dust, and could take unlimited feed. Sizes 24,36 and 48 in. 

1616. Makii^ Cidncal Chipj^i^ Allen News, April, 1955, 34 (394), 80-1. 
The Edgar Allen Stag K.B- granulator is desoribed and illustrated. A cubic^ shape 
is obtained by virtue of design of liners, and adjustable breaker plate. Use heavy steel 
rotor is provided with three adjustable swing hamn^rs. Four sizes are made and 
performance figures for various rocks are tabulated. [PJ 

1617. The Kessler Fahieede Lnpell^ Breaker. Min, J,, 7 Mar. 1952, 246. 

A new type of impeller breaker giving a 20:1 ratio. Claimed to be the first really new 
method of stone and gravel reduction for over 30 years. The material fed to the crusher 
falls on to the impellers revolving at 1200 lev/min. Three bars in each impeller provide 
the first impact, throwing the ficagments on to the breaker, colliding with each other 
and with new material entering the breaker, producing a cubical product with a 
low percentage of dust. 

1618. StcHie Crasheirs. Anon. Mine Quarry Engng, 1943, 8, 123. An illustrated 
account is given of stone crushers and crushing rolls. The ratio of reduction, defined 
as the ratio between the maxirnmn dimension of the fragments at the entry of the 
crusher and their maximum dimensions at the outlet, and the physkal limit to die 
reduction ratio, imposed as a result of the failure of the material to slip b^ween the 
crushing surfaces are discussed. The comparison between the greats c^)adty of 
gyratory crushers and the capacity of jaw crushers, together with the comparison 
between grades of product are tabulated. 

1619. Cm^tdog Plant Pr^^iares Garfidd Slag for Railroad Ballast Anon. Min, 
Engng, N,Y,, 1953, 5 (7), 661. A jaw crusher and cone crusher give the desired size 
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reduction and minimize the production of fines. Dust is avoided by wetting prior to 
crashing. 

1620. Gradation of Crushed Material and the Problem of Cubic Material. Anon. 
Pierres et Min., 1934, 6 (61-2), 959-70, 980-1; Road Abstr., 1935, 2, 125. Present-day 
demand is for ‘cubicaP stone. The content of flaky particles in crushed stone is 
primarily dependent on the nature of the stone, but is also largely affected by the form 
of the crushing surface, particularly in the nei^bourhood of the discharge opening. 
A grooved surface yields more regular material, both as regards shape and size, than a 
plane surface. Surfaces may be placed in the following descending order of effectiveness: 
indented, curved (gyratories); indented, rectilinear (jaw crushers, crushing rolls); 
smooth, slight curvature (Oratory granulators); smooth, large curvature (cone 
crushers); smooth, rectilinear (crushing rolls and disc crushers). The first in the list 
cannot be used under practical conditions. Another factor governing shape is the type 
of feed. Heavy or forced feeding causes intense friction and the breaking of particles 
one against the other. The weaker, flaky or spiky particles are largely eliminated. One 
quarry producing porphyry, for example, passes the whole of the material from a 
cone crusher through an old jaw crusher with diagonal indentation of the jaw-plates, 
at full speed, solely to break up the flaky particles by abrasion. 

1621. Analysh^ Cnisl^ Stone Production. Anon. Rock. Prod., 1945, 48 (8), 82. 
Formulae are presented for the determination of the capability of equipment in pro¬ 
ducing a given size of aggregate, or changes in methods to produce a required tonnage 
of that product. It is shown that the amounts in tons per hour and the complete sieve 
analyses of the primary and secondary circuits must be known, the upper limit of the 
desired product, and the size and quantity of a secondary product if wanted. 

1622. Large Plants for Aggce&tte Production. Anderson, M. P. Civ. Engng, Easton, 
Pa., 1939, 9 (6), 341-4, Production of aggregate at low cost is dependent to a large 
extent on the selection of machinery capable of producing material continuously 
and at a high rate. Experience obtained with aggregate plant in the construction of 
three large concrete dams in America shows the advantage of using robust plant 
of ample capacity. Modem aggregate plant makes extensive use of belt conveyors 
and interlocking electrical controls. Few changes have been made in the design of 
crushers. At the Norris Dam satisfactory results were obtained from the use of a cone 
crusher for secondary crushing, this machine being capable of grinding more finely 
than a gyratory crusher, whilst the size of the product can be varied. Multi-deck 
vibrating screens are replacing those of the revolving type on account of their hi^er 
efficiency, economy and compactness. Increasing use is being made of the hydraulic 
method for the separation of sand sizes. 

1623. ScHne Results of Researdi Work on Jaw Grubers. Baumann, V. A. Mech. 
Constr., Moscow {Mekhan. Stroit.), 1954, 11 (7). A translation may be consulted at 
D.S.I.R. Ref., Records Section, 22988. See under Jaw Crushers. [P] 

1624. Aggr^aie Analysis as an Aid in the Study of Soil Structure Relationships. 
Baver, L. D. and Roades, H. F. J. Amer. Soc. Agron., 1932, 24, 920-30. 

1625. Practical Resfdts tA Crasher Invest^ticnis. Berdel, L. Hoch- u. Tiefb., 1937 
(42). Inv^tigation into the particle shape of 12 000 particles of crashed hardstone; 
the prodiK:ts from new and worn crasher jaws are compared. 30 tons each of two 
different hard siliceous limestones were crashed at about 3-in. setting. Effect of rock 
type, and moisture content were studied. [PJ 

1626. Hie Prq[Miration of Coarse A^^re^te. Bergeaud — (La Fabrication du 
Gravfllon). Revue gen. Routes, 1934 (9), 291. Effect of feed and operating conditions, 
with particular referra.ce to aggregate production. 

1627. MefliodaM Apparatus for Cnehing Rock. Bia^ U.S.Pat. 2468321, 1949. 
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This patent describes a method of, and apparatus for, simultaneous impact crushing 
of separate streams of sized rock. 

1628. Evolutfon dans la Technkpe do Gravilkm. Bonjean, R. Sci, et Industr, La 
Route, 1938 (65 bis) (Special number), 5-10; Road Abstr., 1938-9, 5, 338. A survey of 
the factors in the production of hi^-quality aggregate, with particular reference to 
operating conditions and the development of granulators. 

1629. The Oassificatiofi and Mechanical Testing of Road Makkig Aggregates. A 
critical CiHnparison of Britisii and (krman Practice. Breyer, F. G. Strasse u. Autobahn, 
1950,1 (12), 25-9. The German methods of test referred to are based on DIN 52108-9 
and the British on work carried out by F. A. Shergold at the D.S.I.R. Road Research 
Laboratory, Harmondsworth. 

1630. Grueling: A Discussioii of the Vahie of Different Types of Stone Crushers. 
Brown, G. J., Holt, F. W. and Armitage, E. Quarry Mgrf 1933,16 (12), 394-401. 
Comparison of gyratory, impact, jaw and roller crushers. 

1631. New Ai^oadi. ReliaMe Mediod of Aggregate Gradation Control fe in Use. 
Cornelius, M. E. Calif. Highw., 1951, 30 (3/4), 21-4. Methods of controlling the 
grading of plant-mixed aggregate are reviewed. A new method of sampling ti^ aggre¬ 
gate in a continuous asphalt mixing plant is described and illustrated. 

1632. Measurement of Apparent Bemsky of Aggregates. Destable, F. Amt. InsL 
Bdtim., 1951, No. 168. Methods and accuracy of measurement are discussed. 15 pp. 

1633. Developsteot of the Stone Breaker. Dickenson, H. W. Cement IJme & Grav., 
1945,20 (9), 78-83. Deals with jaw, gyratory and roller crushers. 

1634. Balancing Equipm^ in Crn^ied Stone Qnairies. Farreix, W. E. Rock Prod., 
May 1934, 37, 34-8. An investigation into the output of three quarries and into 
the efficiencies of the primary crushers (jaw and gyratory). Shovels and transportation 
performances are included, much data is given and presented graphically. [P] 

1635. On die AitnJdxm Re^stsa^ of Brcdcen Stone. Gerth, G. Steinindustrie, 1935, 
30, 385; Road Abstr., 1936, 3, 88. 5-cm stones are tested in a 20-in. rotating drum and 
the fine material weighed periodically. 

1636. A Large Stone Cru^iiiig Plant. GcaiBATOV, N. A. Mech. Constr., Moscow 
iMekhan. Stroit.\ 1951, 8 (2), 16-9. Details and operation of a plant to produce 
674 000 cubic metres per annum in sLz^s ranging from 16 in. downwards, using 450-kW 
engine. 

1637. Stcme Crashing on the Vdga-Dcm Constractioii Project Gorkov, A. V. Min. 
Spb. (Gornyi Zhumal), 1952 (9), 27-37. General layout of the whole plant is 

described. 

1638. Har^cme Cra^ihig Experieiices. Hawkar, P. Pierres et Min., 1935, 7 (74), 
1156-61; Quarry Mgrs' J., 1935 18 (4), 143-8. Observations on jaw, gyratory and 
cone crushers, based largely on experknce at the Quenast Quarries. 

1639. Practical Aspects of Ndfee Coirtrol in Cru^ied St<Mie Plant Hofiizer, A. B. 
Pit & Quarry, 1955, 47 (11), 76-7, 82. See under Noise Control. 

1640. The Apidkation tA Do^ Impeler Bneakei^ m the Mmeacsis Jminstty, L 
Dehmann, H., Buchartowski, H, G. and Parpart, J. TonindustrZtg, 1951,75, 372-7. 
A very thorough investigation is reported on this type of hammer mill, used in the 
preparation of concrete aggregates. The machine is said to be highly efficient [P] 

1641. The Api^tioa of Doid^ Impels Breakers In the Mmeral Xainstry. H. 
Lehmann, H., Meftert, H. and Buchartowski, H. G. Tonii^strZtg, 1952, 76,9-14. 
A survey of the possible uses of this type of hammer mill in tlffi mineral industry. 
It is suitable for crushing road stone or aggregat<K>, raw and caldb^d lime and clinker. 
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and for preparation of grog and slaty clays. A tabular and graphic presentation of 
technical data from 12 types of prall mill for various rocks and for clinker is given. 

EP] 

1642. Cnif^hing Plant Set-up for Many Sizes at St. Paul Quarries, Ihc. Lenhart, 
W. B. Rock Frod.j Oct. 1953, 56, 105-6. Processing for high calcium chemical and 
n^tallurgical stone which meets all specifications for commercial aggregates and 
agricultural stone (agstone). Illustrations, flow sheet. 

1643. linproyanents Relatii^ to the Structure of a Solids Disintegrating Machine 
Fadlitatii^ Operation and Maintenance. Lukens Steel Co., Coatesville, Pa. Brit, Pat 
713490, 713491, 1952/54. The patents refer to a mobile mechanism suitable for opera¬ 
tion from a tractor or similar engine, and having arrangements for feeding from the 
ground to the impact mechanism and particularly arrangements for replacing worn 
parts. 

1644. The Shape of Road Aggregate and its Measurement. Markwick, A. H. D. 
Bull. Rd. Res. Bd., No. 2, 1936, H.M. Stationery Office; Road Abstr., 1936, 3, 620. 
References to work carried out at the D.S.I.R. Road Research Laboratory, mainly 
on the effect of rock type on the grading and shape of the product of a small jaw 
crusher. 

1645. Some FnMems in the C(»itrol of Road Materials. Markwick, A. H. D., 
Lee, a. R. and Glanville, W. H. Chem. & Ind. (Rev.\ 1939, 58 (7), 131-43; Road 
Abstr., 1939, 6, 233. 

1646. The Gtadh^ and Shape of Comm&tcial Sizes of Aggregates. Markwick, 
A. H. D. J. Soc. Chem. Ind., Land., 1941,61, 85-91; Road Abstr., 1942, 9, 361. 

1647. The Preparation and Grading of Cmicrete Abrogates. Miller, W. T. W. 
Civ. Engng, land.. May 1932, 33. 

1648. The Evaluafion of Vaiioos Xyi>es of Crusher for Stone and Ore and the Charac- 
to&tics of Rocks as Affecting Almsion in Crushing Machinery. Miller, W. T. W. and 
Sarjant, R. J. Trans, ceram. Soc., 1936, 35 (11), 492-550, 554-60; Road Abstr., 1936, 
3, 622. See Nos. 761-2. 

1649. Devekpoa^t in Impact Crushing in the U.S.A. Mtitag, C. Z. Ver. dtsch Ing., 
1952,94 (13), 365-7. It has had extremely wide application in road building. 

1650. Machine for Breaking Stone, etc., by Means of Impact. Poyser, R. G., 
Marsden, H. R., Ltd. U.S. Pat. 2705596, 1955. A pair of four-hammer shafts revolve 
towards each other. The stone falls vertic^y in two streams, is struck by the hammers 
and projected to the casing. Less wear is claimed. 

1651. Sdf-prcpeBed Crushers. Riedig, F, Strasse- u. Tiefb., 1949, 1 (1/2), 30-1, 
Descriptions are given of the design, operation and capacity of two tyi)es of self- 
propelled German plant for crushing and screening aggregates. The stone fed to the 
cru^r may be up to 3 in. across. 

1652. An Inyesti^ticm of Cmsha:^ with Special Refermice to Particle Shape. 
Rosslein, D. Quarry Mgrs^ J., 1947, 30 (4), 207—22, An abridged translation by 
F. A. Shergold of the Road Research Laboratory, D.S.LR., of the author’s paper 
appearing in ForschArb. StrWes., 1941,32 (Volk und Reich Verlag.). From an investiga¬ 
tion of the relations between the material to be crushed, the crusher, and the product, 
carried out at the For^ungsinstitut ftir Maschinenwesen beim Baubetrieb (Institute 
for research in mecha n ical engineering as applied to constructior^l work), the following 
facts were established. A fixed relation depending upon the type of crusher, exists 
between the particle size produced in the highest proportion by weight and the minimum 
width of outtet of the crusher. A relation also exists between the mayimiTm particle 
size in tte product and the maximum width of outlet. The proportion of cubical 
particles van^ with the absolute width of the particles, but the ma tT) factor determining 
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the number of cubical particles is the type of stone used. Badly-worn crusher jaws 
affect the quality of the product. It is recomirKuded that the width of outlet of a 
crusher should be defined as the distance between the teeth in jaw and the gaps in 
the other, and that minimum and maximum widths should be stated for any crusher 
that has been in use previously. [P] 

1653. Evaliiatioii of die YarkHis Granular Forms of Brolh^ Stone and Laminar Split. 
Rotfuchs, G. ZemenU 1931, 20, 660. The basis of the evaluation for particular uses 
is the number of pieces per litre according to size. Tabular and graphic representation of 
data. 

1654. Factors Govemiii^ the Gradiog and Shape Crushed Roc±. Shergold, F. A. 
Greysmtth, M. G. Quarry Mgri J, 1947, 30 (12), 703-10. A survey of the literature 
carried out at the Road Research Laboratory, Harmondsworth, suggests that it is 
possible to produce aggregates of a reasonably good particle shape, and in a wide 
variety of gradings, from any of the rocks commonly used as road stone, using any 
of the types of crusher in current use for producing road aggregates. Tb& operating 
conditions are the most important factor. Conditions that favour the production of 
good cubical aggregate are: (1) a low reduction ratio, especially in the final stage of 
crushing; (2) the removal, by scalping, of chippings and fines formed in primary 
crushing, so that they are not included with the finished products; (3) choke feeding; 
(4) closed-circuit feeding; (5) the use of corrugated crushing surfaces, which should be 
discarded when the corrugations are badly worn. 

1655. Abstract Sammary of Mcmograph by A. Bonwetsdi, 1933. Shergold, F. A., 
Quarry Mgrs" 1946/7, 30 (10), 586-97. See under Jaw Crushers. The origiiial con¬ 
tained a mathematical analysis of the operation of jaw aushers and an account of 
the associated experimental work illustrated by over 100 tables, graphs, wathneter 
diagrams and oscillograph records. [P] 

1656. Researdies on Stcnie Cni^biiig with Particular R^ard to tibe Shape of the 
Product Shergold, F. A. Quarry Mgrs^ 1947, 30 (4), 207-22. Abridged translation 
of monograph by D. Rosslein, 1941. The monograph includes a brief review of previous 
work and describes an extensive investigation carried out at seven quarries to deter¬ 
mine to what extent the conditions and rock type affect the grading and shape of crushed 
stone used as road aggregate and to study power consumption and prodiKtion costs 
with a view to economy. The work of Bonwetsch, the Swedish State Road Researdi 
Institute, Bendel and Rosin and Rammkr are quoted. See under Rosslein. [P] 

1657. Researdi m Jaw Gramdatocs. Shergold, F. A., BulL Ass, int. Route, 138, 
1954. See under Jaw Crushers. 

a 

1658. A Study of Sii^ Sized Grav^ Aggr^tes far Road Making. Shergold, F. A. 
Tech. Pap. Rd. Res. Bd., No. 30, H.M. Stationery Office, 1954. A compilation of data 
from a recent survey of gravel production in which a wide range of tests was made on 
300 samples from 70 different sources. Notes on distribution, classification and 
methods of production are presented. The grading requirements in B.S. 1984:1953, are 
given. [P] 

1659. Results of Tests im Sb^iie-sized Roadmaklag Aggr^ates. Shergold, F. A. 
Quarry Mgrs" 1955, 3B (10), 636-42. The note summarizes the results of tots for 
grading, shape, water absorption, specific gravity and resistance to crushing, impact 
and abrasion made on 244 samples of single-sized aggregates, supplied by 45 county 
surveyors in England and Wales from aggregates delivered to them in 1953. The main 
object was to compare the grading and shape of the samples with the requir^nents laid 
downinB.S. 63:1951. [P] 

1660. ReseardiimRoadStoiieAggiegateattlieRo^ReseaiebLaboratay.SuERGCHD, 
F. A. Quarry Mgrs" 1955,39 (6), 346-60. A sumnmry of the research plant fadiities 
at the D.S.I.R. Road Researdi Laboratory. 
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1661. Invesdgaticm of Stone Crushers. Statens Vaginstitut (Swedish State Road 
Research Institute). Meddelande, No. 55, Stockholm, 1937. Extensive investigations 
carried out on 5 jaw-crushers, 1 disc crusher and 3 impact crushers using various types 
of rock. Results given for grading and energy consumption, capacity and power 
consumption. [P] 

1662. Road Research Laborat<My (D.S.LR.) Experimental Crushing Plant- Taylor, 
F. G. Engineering^ Lond,, 1953,175 (4570), 281-3. A plant has been erected to permit 
full-scale investigation of the effect of variations in feed and operating conditions of 
crushers on the grading and shape of the aggregates produced.* In addition to feeder 
and vibrating screen, facilities have been provided to test a representative range of 
types of crusher, including jaw granidators, impact breakers, cone crushers and crush¬ 
ing rolls. The size of crusher is necessarily limited to about 30 tons per hour. The stone 
is tested for grading and particle shape before and after crushing. [P] 

1663. A Survey of Some Mixing Plants for Asphalt and Coated Macadam. Waters, 
D. B. Tech. Pap. Pd. Res. Bd., No. 30, H.M. Stationery Office, 1953. The first half of 
the report dealt with the crushing and proportioning of the aggregate. Tabular and 
graphically repor^ data are given for sample efficiency, gradings of crusher output, 
variation in grading in stockpiles and in hot storage bins. The screening system is 
described and investigated. 47 pp. 

1664. Gap Graded A^r^tes in Vibrated Concrete. Fundamental Studies of Relation- 
shqK Goveniiog Particle Interference. Williams, J. E. H. Engineer, Lond., 1955, 179 
(4662), 693-8. A conCTete aggregate is said to be gap-graded if one or more of the 
recognized standard size groups is absent. The gap may occur naturally or may be 
produced deliberately by suitable screening. The benefit of such grading is recognized 
to be due to reduction in wedging action by the intermediate gradings. The phenomenon 
of particle interference is analysed and the establishment of the principle governing the 
action of gap graded aggregates in vibrated concrete is discussed. The subject is fully 
illustrated by diagrams, photos., graphs, 6 refs. 


ASBESTOS 

1665. A^)estos Millh^. Miner. Inf. Serv. Calif., 1951,4 (6), 1. The milling of asbestos 
consists of separating the fibre from the barren rock by repetitive crushing, screening 
and ^ separation. A typical mill flow sheet includes primary and secondary crushing 
to 3-in. size, furnace drymg to remove moisture, and third-stage crushing to free the 
fibre. The third-sta^ crushed product is then screened and the fines are disintegrated 
to fluff the fibres. 

1666. Aiq[)aratus for MOfing Asbestos Cobs and Like Fibrous C^e Bodies. Anderson, 
N. I., Johannesburg. U.S. Pat. 2694530, 1951/54. The normal method is to break in a 
jaw cri^ier and then pass through a hammer mill. In the present apparatus, the feed 
pas^ down a rapidly rotating vertical tube and is thrown out through the lower 
horizontal portion of the tube against a breaker ring. There is only one impact and 
^ filnes are carried upwards and out by an upward air stream and the heavy material 
falls to a lower outlet. The whole is encased. The single impact preserves the original 
fibres better. 

1667. Ri^proveiBie^s in ix Rating to the Milliiig of Aj^bestos and the Like Fibrous 
Ore Bo^es. Ashesttc^ EmucnoN and Machinery (Proprietary), Ltd., S. Africa. 
Bnt. Pat. 705998,1952/54. Hie patent relates to the removal of grit and heavy particles 
fnnn the comminutor, e.g. h a mme r mill . A cylindrical screen revolves in a chamber 
into which the product is drawn by suction and adheres to the screen as arranged by 
guides. Hie heavy particles do not adhere but fall to an outlet and so axe separated. 

diffiailty in meeting specification requiremMits, particularly for bitumin- 
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The desired fibre adhering to the screen is removed later in the revolution. The device 
is in effect a votary suction filter for the light particles. 

1668. The Preparatioii and Gradhi^ of Chi^-sotik Asbestos in Canada. Jenkins, G. F. 
(Asbestos Coiporation, Thetford Mines, Quebec.) Institute of Mining and Metallurgy, 
Symposium on Mineral Dressing, London, Sept. 1952. Paper No. 39, 13 pp. The rock 
circuit is: jaw crusher, 42 x 36 in.; crushing rolls or gyratory crusher, 100 h.p.; hammer 
crusher, 100 h.p.; dryers, etc.; data on output. Tests on the free fall drum type mill are 
described in detail. Development and early flow sheets are included. I^blished in 
Recent Developments in Mineral Dressing, Iiistitution of Mining and Metallurgy, 1953. 

[P] 

1669. Apfdkation of Air to Asbestos Millii^ at the New Jefifiy* Mill of the Canadiaa 
Ji^ms-Mansville Co., Ltt, Asbestos, Qudbec. Rosovsky, H. Trans. Canad. Min. Inst, 
(Inst. Min. MetalL), 1955, 58, 268-77. The handling of 14000 tons of ore per day 
requires about 2*5 inillion cu. ft/min of air or about 10 tons of air for each ton of ore 
mined. The system is an automatically controlled pressure-volume one and filtered air 
is returned or rejected. The multiplicity of systems is described. 

carbon: graphite 

1670. Permealdiity Studies. Siaface Area Measiseuien^ of Carbon Blacks. Arnell, 
J. C. and Henneberry, G. O. Canad. J, Res., 1948, 26A (2), 29-38. 

1671. The Reduction of the Cry^alliae Perfection of Graphite ly ChkidlQg. Bacon, 
G. E. Acta cryst., Camb., 1952, 5 (3), 392, 

1672. Attempt to Prodtace Carbcm Black by Fme GrladlBg. Bremner, J. G. M. and 
CoLPUT, J. H. I.R.I. Trans., 1948,24, 35-51. The authors used the tinting strength test 
to assess the mean size of ground materials, using Thennax, 274 micro-mu (rubber 
black), as their standard. This test is considered satisfactory for the range 100- 
1000 micro-mu. 

1673. Shape Facttx and Other Fimdam^ital Properties of Caihon J^dc. Cohan, 
L. H. and Watson, J. H. L. Rid}b. Age, N. Y., 1951,68,687-98. Discusses and illustrates 
the particle size, surface area and shape of carbon blacks. 

1674. Cni^bh^ Strength of Carbon Biad: Beads. Columbian Carbon Co. Chem. 
Engng News, 1954,32 (43), 4287. A special analytical balance is used. 

1675. net^ nninat ioii oi Sisrfaoe Area oi Carbon Bdladk& Funk, R. and Rammele, F. 
Chem. Tech., Berlin, 1954, 6, 213-21; Chem. Abstr., 1954,48, 9784. 

1676. Recent Researdies on Indian (kaphite. Majumdar, K. K. Indian Min., 1950, 
4 (1), 19-21. The preparation of Indian graphite is described- It is converted to col¬ 
loidal state by repeated grinding in a roller mill admixed with mineral oil, and a solution 
of rubber in benzene as a protective coUofd (and lecithin). Or it can be emulsified in 
water by using soap. Before grinding, Indian graphite was purified to 99% C by 
flotation. 19 refs. 

1677. ScMne Medteimcal Properties of Graphite at Elevated T^npaatures. 
Melmstrom, C., Keer, R. and Green, L. J. appL Phys., 1951,22 (5), 593. Experiments 
show that for several grades of graphite, the tensile strength assumes a imximum at 
about 2500°C, which was 40% higher than at room temperatures. 

1678. Devek^pments in the Blspeacmm oi Carbon Black. Venuto, L. J. O#. Dig. Fed. 
Faint. Yarn. Prod. CL, Mar. 1940, 159-73. This presents an excellent example of the 
results that can be obtained from a careful study of grinding formulae of the paint. 
A detailed investigation into aspects governing dispersion. Results are tabulated and 
presented graphically. 

1679. Fmther Electrai Microscope Studies on Cdlkudal Carbon and the Rc^ ci 
Sur&ce m Rubber R^^orc^nent Wiegand, W. B. ImRa RnMt. World, 1941, 105, 
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270-2. The detennination of the mean sizes of different carbon blacks with the electron 
microscope is described and the surface area in area per pound is estimated. The 
influence of size and surface in rubber compounding is described. 

CEMENT 

1680. Giindii^ Raw Matoials for Cement Manufacture. See also under Grinding 
Aids. 

1681. ForGand Cem&it (Ordinaiy and RapM Hardening.) British Standard 12:1947. 
Composition and manufacture. Tests for fineness, chemical composition, strength, 
setting time and soundness. 

1682. Low Heat Portland Cement British Standard 1370:1947. An appendix 
describes the apparatus and method for determining the fineness of the cement by means 
of a permeability test (the Lee-Nurse method). 

1683. Standard Methods for Tesdii^ Cement Book of AS.TM, Standards. 1955, 
Pt. 3. Standard Method of Test for Fineness of Hydraulic Cement. A.S.T.M. Design c! 
184-44, pp. 142-4. Standard Method of Test for Fineness of Portland Cement by Air 
Permeability Method. A.S.T.M. Design C. 209-55, pp. 145-51. Standard Method of 
Test for Fineness of Portland Cement by Turbidimeter. A.S.T.M. Design C. 115-53 
pp. 152-60. 

1684. Aggregate. Book of A.S.T.M. Standards, 1955, Pt, 3. 18 Specifications and 
33 Methods of Test for Aggregates for Road Construction and Concrete. 

1685. Ore Dressing and Cement Madiinery in G^many, 1939-1945. B.I.O.S. Final 
Report, No. 1753, 1947, H.M. Stationery Office. 

1686. Ihe Gaman Portland Cement Industry. F.LA.T. Final Report, No. 519, Nov. 
1945, H.M. Stationery Office. Pt 1. Among the usual hammer mills for crushing the 
quarry stone, there were observed ingenious feeders for the hammer mills. Some details 
of a dry grinding ball mill with air separator of a novel character (two cone separator), 
a slotted ball mill and edge-runner mill are given. Pt 2. Raw materials grinding by 
the (1) Loesche Mill (in En^and known as the Lopulco Mill, by International Com¬ 
bustion i^oducts. Ltd.)—^by rollers on rotating table with variable pressure; (2) air- 
swept mill, by Humboldt-Motoren A.G.—a ball mill to which coarse material is 
returned by a double cone separator; (3) the Pfeiffer Mill—a ball mill slotted in the 
middle for exit of fines, coarse material is separated and returned by a cone separator. 
Performance data are given in full as well as ball load and sizes, etc. [P] 

1687. Ex^itatkm of Low Grade Ores in U.S.A. Chap. IV. Vibrating Ball Mill. 
OXJE.C. Technical Assistance Mission, No. 228, 1954. O.E.E.C., Paris. Obtainable 
from H.M. Stationeiy Office. A 42 x 42-in.'miU had been instafled for grinding cement 
dinker. It is stated to have about seven times the capacity of a conventional ball mill 
of the same size. 

1688. A Post-War Grindh^ MSBL Anon. Cement & Lime Manuf, 1949, 22, 85; 1950, 
868. A new dinker-grinding mill is described; it has produced over 200 oob tons 

in just under two years, and its performance is stated to be high. It is a compound mill 
40 ft long, 7 ft 6 in. diameter inside the shell, and is fitted with a trunnion feed and 
disdiaige. 15 figs. 

16^. Milb for Omka* Grindii^ Anon. Cement 6 c Lime Manuf, 1945,18, 1-7. The 
devdopmait of dinker grinding tedbnique is reviewed. 

1690. New PMlaiid Cauc^ Proc^ Anon. Chem. Fngng, 1953, 60 (5), 384; U.S. 
Fat., 2627399, 1953. Portland cement can now be made below the sintering point, after 
pelkting with water and pressing at 10 tons/sq. in. The pefiets are fed to a v^cal 
dryirg and reaction chamber countercurrent to air flow. 
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1691. Grinding of Cem^ dmkep and to Prodnce New CemaEds. A^cm. 

Concrete^ N-Y,, 1933, 41, 27-30. The heat evolution (H) in the hydration of rapid- 
hardening Portland cements (I) is due chiefly to the 3CaO, SiOa content. A new (I) 
with a low (H) is described. C^icklime and moist lump clay are ground together and 
hydrated. The product is finely ground with Portland cement dinker under controlled 
conditions. Higher mortar compression strengths than those of a standard (I) are 
claimed. 

1692. Heavy Cmshii^ Plant for Cement Anon. Crush. & Grind., 1931, 1, 37. A 
description is given of the grinding machinery at the works of G. & T. Earle, Ltd., 
Hope, L>erbyshire. 

1693. Sulpinnk Acid Plant Adiydrite Process. Anon. Engineering, Land., 12 Nov. 
1954, 640-1. At the Widnes plant the anhydrite is crushed by two Symons crushers 
driven by 75-h.p. motors. Sand, shale and coke are dried in two Head Wrightson 
rotary driers after being broken by hamn^r mills. Dryers are oil fired with flame 
detectors. One dryer for sand and shale, the other for coke. The ingredients are then 
mixed and ground in a ball mill driven by a 900-h.p. synchronous motor. The clinker 
from the furnace is passed over shaker conveyors to jaw crusliers and then to the 
clinker store. Then it is weighed, 5% gypsum added and passed to a four compartment 
grinding mill driven by a 1200-h.p. fe.T.H. synchronous motor through a double 
helical gear. Dust cyclones are xised. 

1694. Kiln Plants and Millii^ Machmes for the Cement Industry. Escher Wyss News, 
1948-9, 21, 22. Includes a description and drawing of the four-chamber compound 
mill for raw material and clinker. It is of welded construction, annealed for stress 
relieving. The first and second chambers are lined with hard steel plate, and the third 
and fourth chambers with siliceous ston^. 

1695. Closed-circait Finish Grindii^, Unit-firiBg System serve Lawrence FhaA at 
Si^fried- Anon. Fit & Quarry, 1941, 34 (5), 52-3; Ceram. Abstr., 1944, 5. The instal¬ 
lation of direct-firing coal mills on some of the kilns of the Lawrence Portland Cement 
Co. at Siegfried, Pa., is discussed. 

1696. 1. mi Viscosity of, and Wmkability Aids for, Cem^ Pastes. 

2. Bfldiograidiy on Giindi^ and Grmd^ MUbL Ai^n. Rev. Mater. Constr., C., 
1953 (459), 347-52; Build. Sci. Abstr., July 1954, 963 f. Over 50 international references 
to the literature of crushing, grinding, crushers, grinding mills, etc., with special 
reference to the manufacture of cement. 

1697. Symposiifln<mC«nart Citidbii^ Rock Prod., 1931-2,34 and 35. These volumes 
contain reports of the work carried out before 1926 under the auspices of the Joint 
Research Committee of the British Cement Manufacturers. 

1698. Ghindio^Widioiit Balls. Anon, Rock Prod., 1942, 45, 25, Build. Sci. Abstr., 
1942, 15, 181. In view of the i>ossibility of saving 30 000 tons of iron per year it is 
shown diagrammatically how to finish ground Portland cement with the clinker itself 
as the grinding media instead of using iron. 

1699. Frinn Qpai to Closed CkcmlGihidlBgwiftliQiM Cyclones. Anon. 

1953, 56 (7), 62-6. TI^ installation by the S.W. Portland Cement Co., is one of the 
fcst of such dassifiers. Tlie plant and equipmait are illu^rated and a considerable 
amount of performance data is presented. An increase of 30% in raw mill grinding is 
claimed since the installation of liquid cyclones. [P] 

1700. Raw Materials for Cement Anon. Times Review of Industry, 1951,5 (55), 12. 
Describes methods of winning, crushing and grinding, slurrying and conveying to 
the viin, the limestone, chalk ami day used in the manufacture of oemrait. 

1701. The Partkie Sire of Ceoaent Aichinghi, K, and Jordan, A. Zement’Kalk- 
Gips., 1953, 6 (12), 451-7. An experimental investigation into the idation of partkie 
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size of cement to its behaviour in use. Relations between specific surface, particle 
size and time of millmg are presented in block and tabular form. It was found that the 
strength of concrete rises with increasing specific surface, that certain rapid setting 
cements could be coarser, the setting time being h^tened by incre^ing fineness. 
Very fine cements therefore require a larger addition of gypsum. There is an optimum 
fineness for maximum strength. Below this, therefore, strength will be lost. It is con¬ 
cluded that rapid grinding can be accomplished only with a graded feed of maximum 
size, 10 mm. As a measure of fineness, specific surface should be decisive and not sieve 
grading. (See Huttig, Radex Rdsch,, 1953 (11), for the opposite view.) Graphs and 
histograms are presented to support the relation between surface and strength. Of 
33 countries, 26 specify sieving as the criterion of fineness. The author employed the 
permeability and nephelometric methods. 15 refs. 

1702. Effect of Size of Grinding Media on Properties of Cement. Anderegg, F. O. 
Cement & Lime Manuf,, 1945, IS, 12-3. Experiments were made in a miU (12 x 10 in. 
diameter, 40 rev/min.; balls i and in. diameter) charged with 100 lb of balls and 
10 lb of clinker. The clinker, which contained lumps up to 0*25 in. dmmeter, was 
ground with difficulty when the smaller balls were used, but the workability and H 2 O- 
letention of the resultant cement were better than that of cement ground with large 
balls only. Grinding with the two sizes of balls gave a hi^er mortar strength. Certain 
humps were noticed in the particle-size distribution curves, but the evidence was in¬ 
sufficient to indicate their cause or method of elimination. 


1703. Apparatus fmr Size Estimation of Cement, for Industrial Use, and some Investfea- 
tkms with it Andreasen, A. H. M. and Lundberg, J. J. V. Zement, 1930,19, 698-701, 
725-27. Results of determinations are presented in tabular and graph form for various 
cement materials, with and without addition of peptizers. 

1704. Cmeat Producti<m. An^m, W. 1911, Zement Verlag, Berlin. 


1705. Op&i or Closed Circuit Mills for the Grii^ii^ of Cement Anselm, W. Ton- 
indusirZtg^ 1950, 74 (11), 2267, A comparative analysis was carried out between 
cements ground with open-circuit and closed-circuit mills. Grading diagrams for 
both types are plotted by the methods of Bennett and Rammler. The author also 
confirms the Rosin-Rammler equation. His own contribution is the formula: 

^ , 36-8xl04x/, 


where /==shape factor (1-75 for cement), fia=average grain size (cm), w-shape of 
the grain size distribution curve, and y=sp. gr. of the material. This equation, together 
with the diagrams shown, can be used for calculating the specific surface of cement. 
An investigation by A. R. Steinherz on the structure surface and hardness of seven 
Portland cements is explained. Some comments are made on the B.S. specification for 
Portland cement, but they appear to be based on an early edition of the specification. 
A comparison between cements groxmd in open and closed circuits, with regard to 
specific surface and hardness, is only possible when the raw materials, chemical 
composition and caldning treatment are exactly alike. When such comparisons were 
made, the ccmipound c^n-droiit ground cements proved always superior, especially 
when very finely ground; the compound mill is also more economical. Where the 
uniformity of nk grains is inoqportant, the dosed circuit mill is the better; this is shown 
by the grading diagram. A table shows the surface values which can be obtained, 
measured by Wagner’s turbidimeter, by the permeability method and according to 
the author’s formula. 2 figs., 1 table. [P] 


1706. Du^ Reiooval, Giin^ag Techmque, Vertkai and Rotary Cement Kilns. Anselm, 
W. 1952, Institute Teaiico de la Construdon del Cemento, Madrid. A long abstract, in 
Carman, in Zeimnt-Kalk-Gips,^ 1953,6 (4), 131. 


1707. Fke GAimg m BaB Mills. Beke, B. ^itponyag^ 1950, 2 (5/6), 84-8; Hun- 
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garian Technical Abstracts,\95\^ (3), 14. The use and operation of ball mills in the 
manufacture of Portland cement are described. Tb& method of preparing milling 
diagrams is shown. 

1708. Tube MIBs in the Cement Xndusto- Birthelmer, L. Silikat Technik^ 1954, 5, 
163. Tlie operation of tube mills for cement, the feeding of grinding media and their 
wear, are described in detail. 

1709. Cement, Lime and Plastw. Blanc, M. E. C. Rev. Mater. Constr.^ 1924, 174, 
57-60. Calculating the horse-power consumed in (cement) ball mills. An empirical 
formula has been developed whereby the motive power necessary for rotating a ball 
mill is determined from its dimensions, the wt. of the charge and a filling coeff., 
dependent upon the vol. occupied by the char^. The formula is F= CTV £), where F 
is the motive power in horse-power, T the total wt. of pebbles, D the interior diameter 
of the mill, C the filling coeff., which depends upon the kind of pebbles (grinding 
medium) used, and also upon the filling ratio (ratio of vol. of charge to total (inside) 
vol. of mill). For cement grinding the valiKS of C are: 


Grinding medium (filling ratio) 

0*1 

0*2 

0*3 

0-4 

0*5 

Flint pebbles. 

. 13*3 

12*25 

11 

9*5 

7*8 

Steel balls (large) for initial grinding 

. 11*9 

11 

9*9 

8*5 

7 

Steel balls (small) for final grinding . 

. 11*5 

10*6 

9*5 

8*2 

6*8 


Example: Mill with 3 compartments. Diameter 1*65 m, length 8*2 m, internal diameter 
1*565 m, rev/min 25; 1st compartment (1), length 2*775 m, 6 tons large steel balls, filling 
ratio 0-2; 2nd compartment (2), length 3*50 m, 4 ton flint pebbles, filling ratio 0*37; 3rd 
compartment (3), kngth 1*50 m, 6 tons small steel balls, filling ratio 0*45. The horsepower 
is calculated for each compartment sep arately : 

Fi = ll x6x v'l*565+10%=91 h.p. 

F^=9.9Sx4x vT 56 5 = 50 h.p. 

F3=7*6x6x*vT565 =57h.p. 


198 h.p. 

Actual power used 200 h.p. For corrugated (or step) surfaces on the interior, additional 
10% h.p. is required as for compartn^nt (1). 

1710. Closed Circuit or Open Circuit (kindiiig. Borner, H. Pit & Quarry^ Aug. 1954, 
47, 117-20, 123-5; (Translation from Zermnt-Kalk-Gips.^ Aug. 1952, 5, 242-52). 
The performances were jud^ from size and specific surface and from strength tests, 
and from the relations between these, and the work per hour to create a standard 
amount of new surface. Conclusions are: (1) the closed circuit grinds selectively, i.e. 
more finely. Open circuit overgrinds the easier grinding components; (2) closed circuit 
permits a simple control of strength producing surface by the adjustment of a coi^tant 
circulating load; (3) output does not depend so closely on optimum load-filling in 
closed as in open-circuit grinding; (4) for same strengths of finished cement, the output 
in closed circuit is 30% higher than with open circuit, with high grindability slag, and 
18-12% with low grindability slag; (5) the temperature grinding) is 175®-195°F in dosed 
circuit as against 250°-265°F for open circuit. Summaiy: The more different the 
grindability (the harder and the heavier being most valuable), the higher the economic 
value of closed circuit. Conversely, the superiority of the closed circuit is less, the 
more homogeneous the materials and the lower the grindability. The additional cost of 
equipn^nt, under German conditions, is only justifiable for surface areas over 4000 
(Blaine). Graphs. 17 refs., mostly on cement. Results with Blaine’s apparatus are 
corrected according to Amell and Swanson. [P] 

1711. IiRTeasiDg the of Cem^ Ball Mills. Capek, Z. Stavivo, 1950, 28, 

286; 1951, 29, 695. See under Bail Mills. [P] 

1712. Rdatioii^i^ of Miil Charge to SmUatce Area oi Ccameat Chaiotuer, W. R. 
Rock Prod., 1935,38 (9), 38-41. Method of determination of surface area by sedimenta¬ 
tion, and the relation of the sizes found to the mill dmge and strength of cement are 
given. 
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1713. Researdies into Wet-Grindii^ Hydraulic Binders. Chassevent, L. Chim, et 
Industr,, 1947,57,327. Compared with dry-grinding, wet-grinding offers the advantages 
of simplicity and economy in the manufacture of blast-fiimace slag cements. Special 
precautions are necessary, however, to ensure constant and suitable cement:water 
ratio in concrete so prepared. It is suggested that trials of this method should be 
restricted to central concrete establishments, where rigid control can be exercised. 
Wet-grinding is more difficult to effect satisfactorily with binders which react quickly 
in contact with water, as, for example, artificial cements, than with blast-furnace slag. 
Old slags can be reduced to a powder which reacts quickly in a basic medium by wet- 
grinding; these are difficult to grind dry. 

1714. IsK^rease of Effective Dhuneter of Inter-compartment Partitions Area in Cement 
Grindios MiUs. Danushevski, S. I. ByidL vsesoyuz. naucK-issled, Inst. Tsement. 
(Bull, All-Un. Cement Res. Inst., U.S.S.R,), No. 23, 1938, 135. See also under Kaiyakin. 

1715. Tests <m [Cement-clinker] Grinding Aids. Dawley, E. R. Cement & Ume 
Manuf., 1944,17,1-4. The effect on the number of mill revolutions required to increase 
the sp, surface from 800 to 1800 sq. cm/g was studied for a 50-lb batch of a clinker 
containing 3 -5% of gypsum. 0‘07% of insol. rosin ®, cod oil (O), beef tallow, Nopco 
1900 (III), Nopco Plastol No. 1 (TV), kojic acid (V), and A1 stearate (VI); all reduced 
the revolutions required by 32*5-24%, in that order; powdered A1 stearate and clinker 
without added gypsum required 6*5 and 11*6% more revolutions. (VI) increased 
tl^ tensile strength, (II), (\0 and (VI) the compressive strength, (I) the resistance to 
freezing and thawing, and (II), (HI) and (IV) the resistance to the temp, cycle of the 
conca^te made from the ground clinkers. See also Pit & Quarry, 1943,36 (7), 57. 

1716. Can the Result of Grindii^ be Predetermined? Frenay, E. and Collee, R. 
Rev, univ. Min., 1950,6 (11), 370-9- An attempt is made to develop a graphical metihiod 
of controlling, on the basis of the physical data of the equipment, the grinding operation 
to produce sizes between certain limits. Examples are given for normal equipment for 
grinding ores or clinkers. Abstract from Mon. Bull. Brit. Coal Util. Res. Ass., 1951, 
15 {€), 584. 

1717. Law of Size Distribution. Fmrs, S. S. Rock Prod., 1941, 44, 64, 90; Ceramic 
Abstr., 1941, 20, 268. Tte author discusses the theory of grinding as a ph^e of the 
problems dealing with surface-area measurement of cement and cement raw materials. 
Equaticms and means of obtaining the necessary data for them to determine the actual 
mean diameter of the 0-7*5-micron fraction are given; from these data the surface area 
may be determined. 

1718. Gimdi^ Plant Researdu Parts 1-9. Gilbert, W. Rock Prod., 1931, 34; 
1932,35. Several parts deal with clinker grinding. See No. 1092. [P] 

1719. Grinding oc Crori^ Cement Goddard, J. F. Brit. Pat. 350538, 1930. In the 
dry grinding of ceoaent clinker, gypsum, etc., a segregating agent such as resin or a 
resinous material is mixed with the material to be ground in order to impart a dispersive 
propaasity to the pulverized particles. In the manufacture of cement, 1 part of resin to 
5 parts of plaster of Paris or hydraulic cenrait may be used, and 1 part of this mixture 
is added in the mill to every 200 parts of cement. 

1720. Mediaiiks iff Present Pnlvaizing Practice. Hawksley, P. G. W. Proceedings. 
Pulverized Fuel Conference, 1947, 656-87, Institute of Fuel. 2 gns. An interim report 
of investigations in progress. The information is collected from answers to question¬ 
naires sent out to the electrical and cement industries, the greatest users of pulverized 
fuel, as to plant layout, (^>^tiiig conditions and abnormal occurrences. Performance 
data of mills in various districts are tabulated, and analysis is made of the power 
coosun^)tion as dHtnbuted between fan consumption, drying, grinding and feeding. 
The U.S. ball mill grindability index is discussed in relation to practice. 22 refs. An 



BIBLIOGRAPHY 293 

approximate calculation of the drying capacity of pulverizers is given in a short 
appendix. [P] 

1721. Multi-Chamber Mills wife Air Separatkm for Superfine Cemei^ A. B. Helbig. 
Cement, 1932 (5), 108-17. The grinding of cement is discussed in relation to the greatly 
increased demand for superfine cement, the strength of which far exceeds the specifica¬ 
tion requirements. Fine grinding in one operation is not good practice, and it is con¬ 
sidered that the process will develop into a pre-grinding to a max. size of 0*5 mm, 
followed by a fine grinding with air separation, the latter grinding being best effected 
in multi-chamber mills. 

1722. Ectmomkai Cmfeing Practice (m fee lime, caneat and gypsmn isdnstries). 
Hodel, J. TonindustrZtg, 1941, 65, 17-8, 37-9. Factors determining the design of 
closed-circuit crushing plant are discussed. 

1723. Modmi Portiand Cement Productioii. Hull, W. Q., Hass, P. and Franklin, 
P. Industr. Engng Chem. {Industr.), 1954, 46 (5), 83(M2. Pp. 835-6 describe the reduc¬ 
tion of rock and clinker. Flow sheet. 

1724. The Simuhaneous Grindii^ of Gfamilated Slag and Cement Oliika:. Ivanov, 
A. N. and Pamyan, V. K. Tsement, 1939, 6-15. Build. ScL Abstr., 1941,14, 69. 

1725. New Tr^ids in Grindnig Cement in Fore^ Plaids. Karyakin, S. F. ByulL 
vsesoyuz. nauch.-issled Inst. Tsement. iBulL Ail-Un. Cement Res. Inst., U.S.S.R.), 
No. 23, 1938, 154. 17 pp,, 7 fi^. See also under Danushevski. 

1726. Giindalnlhy and Ifeyslcal and ChcEokai Characters Porfemd Cmeast 
dinkar. ELaryakin, S. F. Byull. vsesoyuz. nauch.-issled Inst. Tsement (Bull. AlTUn. 
Cement Res. Inst., US.S.R.), No. 23,1938,81.20 pp., 6 figs., 4 tables. 

1727. Bearings frima Pressed l^astics for Use in PreparatkMi Machmes. Kisslqr, R. 
TonindustrZtg, 1941, 65, 510. Data are tabuiatedbon the use of pressed plastics in the 
bearings of cement milis, stone crushers, roller crushers concerned with mining, 
roller crushers 750 mm diameter x 500 mm, and centrifugal mills 1750 mm crate 
diameter. Precautions to be taken when using plastics for this purpose are enumerated; 
if these are observed the life of the bearings will attain to or even exceed, that of metal 
bearings. 

1728. MiSii^ at fiie Pennanente Cement Plaife Kivari, A. M. Trans. Amer. Inst, 
min. imetalL) Engrs, 1942,148; Tech. Publ. Amer. Inst. Min. Engrs, 1359, 24 pp. The 
grinding schedule involves the closed-circuit grinding of the limestone and clay 
separately. 

1729. Effici^icy Raw Grindk^ MiO wife Increased JjaAer Compartment PartMons 
Area of Cem»it Plant m Podgmeiika. Korshunewa, A. I. Byull. vsesoyuz. nauch.-issled 
Inst. Tsement {Bull. AU~Un. Cement Res. Inst., U.S.S.R.), No. 23, 1938, 146. 8 pp., 
2 figs., 7 tables. [PI 

1730. ITie Oparatkmal Performance of Separators. Kraus, F. Zement-Kalk-Gips., 
1954,273-81. Die performance of various types of crushers is compared using cement 
clinker. Precnishers and finishing crushers were compared as well as air and centrifugal 
classifiers. The short ball mill and centrifugal separator in closed circuit were found to 
be far the best. Illustrations. [P] 

1731. GflidiDg Problenis in fee Cemoit Industry. Kuhl, H. TonindustrZtg, 1949, 73, 
29, 63. A detailed review is given of the existing methods of computing the ^ledfic 
surface of a finely-ground material. The calculation is explained for the cases where 
high accuracy does not matter; these calculations are based on the Rosin-Rammte- 
Sperling law of grain distribution, which is stated to be the most suitable for fee 
majority of finely-ground materials, and especially for oemesiis. It is condmJed that 
there is a great discri^iaiKiy b^ween the theory of grinding and the eflSckncy of ihd 
present grinding equipment, 5 figs. 



CRUSHING AND GRINDING 


294 

1732. Handbook for Cement Engii^rs. Labahn, O. Bauverlag, G.m.b.H., 1954, 
pp. 124, DM.8. A chapter on crushing and grinding and raw material mixing. 29 
illustrations. 

1733. Why and How Wet Ground Cement was Used at the Port Barrage, Langavant, 
C. de. Rev. Mater. Constr., C., 1952 (438), 81-5; (439), 105-8; (440), 123-8. (Summary 
in English.)^ The Bort dam is probably the first in Europe where a cement plant has 
been put up on the site. The cement was made by wet grinding of blast-furnace slag, 
produced 360 miles away. The ooze produced was mixed with Portland cement which 
acted as a catalyzer. The results were fully up to requirements. 

1734. The Specific Surface of Fine Powders. Lea, F. M. and Nurse, R. W. J. Soc. 
chem. Ind.y 1939, 58, 277-83. A study of Carman’s permeability method (Froc. Amer. 
Soc. Test. Mater., 1935,35 (11), 457) has been made together with a comparison of the 
Wagner photo-electric sedimentation method and the Andreasen pipette method. 
Good agreement among the methods is obtained, but the permeability method is 
rapid and of good reproducibility, but other methods are necessary if size distribution 
curves are required. The use of liquids has been found to give high results when the 
specific surface exceeds about 1000 sq. cm/g, an air permeability method is found 
satisfactory for cements up to 4000 sq. cm/g, and should be applicable to other fine 
powders. 1 ref. 

1735. Relation of Ball Load to Clinka: Charge in Grinding Mills. Loveland, R. A, 
Rock Frod., 1952, 55 (10), 96-8; Zement-Kalk-Gips., May 1953, 184-6. Laboratory 
ball tube mill clinker grinding tests are described. With one exception the data indicate 
for batch mills and by inference for continuous mills, that the ratio of ball load to 
clinker charge should be approx. 15 for power economy, when grinding to type I 
cement fineness. In commercial mills the ratio is considered to be less than 15, and 
redesign is recommended. Ratios greater than 15 are indicated for type III fineness, 
and possible power savings appear to increase vdth higher fineness. Application of the 
findings to commercial closed circuit grinding and ball tube mill design axe discussed. 

1736. Die Hartzerkleinerui^ (1867-1949). (Crushing and Grinding.) Mtitag, C. 
1953, Springer Verlag, Berlin, pp. 118-43. The tube mill in the cement industry is 
dealt with and tabulated performance data are presented. [P] 

1737. Expan^cm of Porfland Cement Wmics, Alp^oa, Michigan. Nordberg, B. 
Rock Frod., 1955, 58 (1), 102. Two new mills 9ix 15 ft, 19 rev/min, with 700-h.p. a.c. 
synchronous motors, by Allis Chalmers are installed. Ball loads are 107 000 lb of 
1-3-in. forged steel balls. Closed circuit. Uses Hardinge’s electrical ear. 45 tons per hour 
of kiln feed as product. 

1738. Closed Circuit Grinding. Perry, J. H. Chemical Engineers' Handbook, 1950, 
PP- 930-7. All aspects of closed-circuit ball-mill grinding are discussed, including wear 
and power consumption. A section deals with cement raw material grinding. 

1739. Proportioniig ^dl Loading in Tube Mflls to Reduce Power Costs. Praille, E. 
RtKk Frod., 1950,53 (10), 109,136; Ceramic Abstr., 1951,34, 89. In a mill for grinding 
cema[it dinker, the second and third compartments have five horizontal compartments. 
Grinding media for the two adjacent comi^rtments have the same wei^t. The grinding 
surface, however, is more than doubled, resulting in a 20% power saving. [P] 

1740. An Analyst of fiie Re^ts of Classification of Ground Cement Ingredients. 
Rammler, E. and Prockat, F. Zement, 1934, 23, 557-61, Full tabular comparisons 
axe presented. [P] 

1741. Ratiofia! Cem^t Grinding. Richarz, H. Cement & Cem. Manuf., 1931, 4, 
1226-30. The degree of eflBdency of the tube mill must be considered in relation to the 
hourly output, screen analysis, and power consumption. The weight and size of the 
ball charge in a three-compartment mill are discussed. The maintenance of a good 
current of air throigh the mill is an important factor. 
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1742. Preliminarj- Cnishiitg of Raw Matarmls for Ceinent. Rock, E. TonindusirZtg^ 
1940, 64, 269-70. Calculation of output is illustrated. 

1743. A Brief Resume of Traids on Grlndii^ in flie Cement Rockwood, 

N. C. Rock Prod,^ 1938, 41 (1), 60-3. Flow sheets of various cement plants with parti¬ 
cular emphasis on the plant of the Allentown Portland Cement Co. 

1744. Coal Pulverizers and Grinding. Rosin, P. Ber. Rekhskohlenrates, No. 25; 
Zement, 1931, 20. Compares grinding practice in cement works and in large power 
stations. Deals with all kinds of mills. The development is traced of pulverizers, and 
particularly of large mills and pneumatic conveying and classifying techniques, air- 
swept mills, mill drying and unit-firing systems. 

1745. Improving Grinding. Rugen, C. D., Kivert, J. A. and Boehler, R. E. Rock 
Prod,, 1940,43 (3); 33-4. Ceramic Abstr., 1940,19,261. First of a series of three articles, 
covering an investigation of grinding installations. The present article deals with the 
grindability of raw materials and clinker. 50% more work is done in 1940 than 15 years 
ago, when only 1200 sq. cm/g was produced as compared with 1800 sq. cm at present. 
Curves are presented showing surface produced under different conditions. 

1746. Experiences in Grinding Raw Materials for Portland Cement. Rugen, C. D. 
Trans. Amer. Inst. min. (metail.) pjtgrs, 1946, 169, 185-96; Teck. Pub!. Amer. Inst. 
Min. Engrs, No. 1893, 12 pp. The raw material for cement kilns should ail be between 
15 and 16 /i in size, with clay shale and slag (argillaceous material) in the finer size 
ranges. The characteristics of the various components should be studied to bring about 
this size distribution; a recommended system is one in which primary and secondary 
b^ mills are used, each grinding in closed circuit with a classifier. Tl^ mills work best 
with a 43 volume-percentage ball load, and other working improvements arc suggested. 
Figures for a dry-grinding ring-roll mill are given; these show that power requirements 
are greater than in the ball mill wet-grinding process. 

1747. The Dependence of GrindahOity of C«neiit (Tliiiker and Limestone on the 
Properties of these Materials. Schmid, A. Schriftenreihe der Zement Industrie, 1953,14, 
7-29, (Verein deutscher Zement Industrie.) See under Grindability. 

1748. Analysis of the Efficiency <rf Cement Grmdii^ Madunary in 1936 and First 
Half of 1937. Shabadin, P, F, Byull. vsesoyuz. nauch.-issled. Inst. Tsement, {Bull. All. 
Un. Cement Res. Inst., U.S.S.R.), No. 23, 1938, 7. [P] 

1749. Particle Size DistrffiiitHni, Hygroscoi^ities, Sm&ce Factors, CoUoM Cont^ts 
and Total Surface Areas of Caamk Raw h&toiafe, and the Relations between them. 
Shiraki, Y. J. Jap. ceram. Ass., 1956, 64 (7), (726), 151-61. Particle size distribution, 
hygroscopidty, colloid content, etc., were measured directly; surface factors and total 
surface area were calculated from the data, and the relations between them are discussed. 
The data for about 100 varieties of 9 ceramic materials are fully tabulated and size 
distributions are also presented in graphs. Tb& relations between four of the funda¬ 
mental properties are also set out in graphs. The headings and other details of tl® tables 
and graphs are in English. Tlie text is in Japanese. 51 refs. 

1750. Bel^laii Experiments in Clh&e: (kmdiBg. Slegten, J, A. Rock. Prod., 1946, 
49 (9), 60; Build. Sci. Abstr., 19, 325. See No. 1166. 

1751. Colloidal Carixm as Grinding Aid in Cement. Sweitzer, C. W. and Craig, 
H. E- Industr. Engng Chem. (Industry 1940, 32 (6), 751-6. A dosage as low as 0*32% 
on the clinker will increase fineness by 30%, or decrease time of grinding by 28%. 
Increased dosage makes for still greater increase in output. Data are tabulated for 
effects on fineness and also on strength propertks of the cement. 2 refs. (1) AJS.T.M. 
on Cement, 1928; (2) Columbian Carbon Co., ‘Columbian Colloidal Carbon’ 
pp. 141-5, 1938. DP] 

1752. Cement. Taggart, A. F. Handbook of Mineral Dressing. 1950, Wiley & Sons, 
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New York; Chapman & Hail, London. Raw materials Crushing and Grinding, 
Chap. 3a, pp. 07, 29, Chap. 6, pp. 01, 10, 29, 46. Clinker Crushing and Grinding 
Chap. 3a, pp. 25-6,29; Chap. 6, pp. 09-49. In Chap. 3a, costs of grinding are tabulated. 
In Chap. 6, dry grinding of various materials and with various machines is described 
and performance figures are tabulated including some for cement. [P] 

1753. A Study of the Particle Size DistriNition in a Concentra type IVpi. Tanaka, T. 
and Satto, N. J. Jap. ceram. Ass.^ 1952, 60, 99. The fineness of cement clinker was 
determined after it had been ground in a concentra mill, divided into 5 segmental 
chambers. Plots of the 0*088-mm oversize against the distance from the mill entrance 
showed that the rate of progress of a particle through the mill is not uniform. Rittinger’s 
law was shown to be approximately valid if the rate of movement of the powder was 
assumed to be constant. The exponential law for particle size distribution was also 
valid. The grinding rate equation was derived from partial differentiation of the 
empirical exponential equation, and the most effective conditions of operation were 
deduced. 5 figs., 1 table. See also ibid., 1952, 60 (672), 228-30; Ball Mill Grinding 
Studies of Several Ceramic Materials. Specific surface areas by Blaine’s method are 
compared with the residues on a 0'088-mm sieve (150 mesh). 

1754. Notes on fibe Detamination of Floor in Cement. Taylor, Eduardo, Bock 
Prod., 1932,35, 46. Sedimentation apparatus is described and its method of operation. 

1755. A Raind Method far the Determination of*the Specific Surface of Portland 
Cement. Wagner, L. A. Proc. Amer. Soc. Test. Mater., 1933, 33 (2), 553. 

1756. Grinding Techniques. Walter, J. Rev. Mater. Constr., C., June/July 1952 
(44J), 163-9; (442), 193-6.2% of the French electrical energy production is employed 
by processes in tl^ cement industry. 70% of the total energy employed in the cement 
industry goes into the grinding processes. Thus there is ample room for improvement. 
The author presents a general account of the processes used, accompanied by illustra¬ 
tions (for the most part of baU mill operations). 

1757. Pulverizing Cment Raw Materials. Watanabe, K. J. Jap. Ceram. Soc., 1942, 
50, 162; Ceramic Abstr., 1949, 32, 223. 

1758. Cemesat ManujEacture: Grinding of Clinker. Wilsnack, G. C. (Edison Cement 
Corpn.). U.S. Pat. 2186792,1940.0-08-0*33% of carbon black of colloidal fineness is 
added to the clinker prior to grinding. Time and power for grinding are reduced, as is 
also the proportion of H 2 O necessary to form a plastic mortar or concrete. 

1759. Method for Estimating the Eflid^cy of Pulvaizers. Wilson, R. Tech. Publ. 
Amer. Inst. Min. Engrs, No. 810, 1937. Applications to cement clinker, 15 pp., see 
No. 156. 

1760. Grindhg of Material (Porfiand Cement). WriTE, G. A. (International Precipita¬ 
tion Co.). U.S. Pat. 1803821, 1931. By grinding Portland cement in air of lower r.h. 
than that of the atmosphere conveniently attained merely by heating the air and/or 
t^ cement, the grinding time for a certain fineness is much reduced and the setting 
times are maintained. 

1761. What is in tiieTutoe for Grindiig? Wolfe, J. M. Rock Prod., 1947, 50, 119. 
Grinding practices .and cement plants used in America during the past fifty years are 
reviewed, and the progressive stages are traced through which two-stage, closed- 
cucuit wet raw grinding has been evolved since the American Portland cement industry 
was firmly established. In recent years the raw grinding department has undergone the 
most radical alterations of any plant section, be ginning with conversion to the wet 
process, which involved the introduction of hydrometallurgical equipment which was 
not previously applied in the cement industry. In the future grinding systems must be 
readily adaptable to meet commercial situations as created by the market demand for 
cem^ts. 15 figs. 
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1762. Siiort Ball Mills for Dry-raw and Ciller Grlad^. Wolfp, J. M. Fit & Quarry, 
1953,46, 99-102. 

1763. Relatkm b^een Wej^t per litre and Ease of Grkidiiig Cenae^ CllBlEer. 
Zlatanos, B. Rev, Mater, Constr,, C, 1954 (461), 47-50. Cement strength is not 
related to the weight/volume ratio of the clinker, but to the fineness of grinding. 
A dense clinker (1200-1400 g/L) is less easily ground than a lighter oi^. The fuel 
saving when the clinker is fired to give 1200 g/1. instead of 1300 g/1. is about 6^%. The 
heat required to obtain clinkers of 1200, 1300 and 1400 g/l. is calculated, tentatively, 
as about 1060, 1125, 1170 kg cal per kg of dinker, respectively. 

ceramics: clay 

1764. The Hammer Mill for Clay Grinding. AmN, Brick Clay Rec,, 1940,97 (5), 29; 
Build, Set, Abstr,, 1941, 14, 50. A brief review is given of a few installations using 
hammer mills in the preparation of clays. A typical hammer mill, whereby material is 
broken up by impact rather than by rolling or crushing, is desaibed. Smih mills are 
suitable for crushing run-of-pit shale or clay to as fine a mesh as desirable, many types 
being equipped so as to eliminate clogging. It is stated that the use of hammer mills 
results in improvements in particle sizing for some clays, as well as inaeased output 
and efificiency of pans. 

1765. Hammer-Min Grmding of Dry Pan Tailings Reduces Pyrite Speckmg m Sewer 
Pipe. Anon. Brick Clay Rec,, 1943,102 (1), 33. 

1766. Crushers and Cmshii^ Anon. Brick Clay Rec„ 1952, 121 (5), 54-6, A discus¬ 
sion of crushers, crushing methods and the materials to which each are best suited, 
with particular attention to claj^. Illustrations. 

1767. Cnidiii^ RoBs. Anon. Brick Fott. Tr, 1914, 22 (1), 19-20. Description of 
toothed rolls to give a preliminary crushing, after which the product will be grii^)ed by 
plain rolls placed beneath. Other features of clay reduction are discussed and sug- 
g^tions made. 

1768. Grinding Brokm Anon. Brick Fott. Tr. 1922, 30, 208. The suita¬ 

bility of the various types of grinding madiines is discussed. 

1769. Research and C^iamks, 1951. Res, Pap, Brit. Ceramic Res, Ass., No. 175, S^t. 
1952. Pp. 38-40 give a review of recent literature on crushing and grinding, screening, 
separating and filtering, with bibliography, accompanied by 35 refs. 

1770. Watt cuts Clay Preparattem Costs. Anon. Ceramic Ind., 1951, 56 (6), 90; 1952, 
57 (3), 33. At the Watt Pottery Co., U.S.A., a pulverizer is in use which dri^ and 
pulverizes the clay, and gives a product of uniform size and moisture content. 8 figs. 
(See under Mahler, Drying and Grinding.) 

1771. Cylinder Grinding. Anon. Ceramics, 1950, 1 (11), 576-81. Although grinding 
pans are still extensively used, increased interest is now being shown in cylinder 
grinding. The Hardinge (conical) ball mill is illustrated and described. Factors affecting 
the operation are examined individually. Andllaiy equipment is also illustrated. 3 fi^. 

1772. Bcme. Its Preparatioii and Use in fibe B<Mie Chim Body. Anon. Ceramics, Aug. 
1952, 4 (42), 56-62. Pan grinding is still the usual nwthod of grinding dbaired bone 
for the manufacture of bone china clay bodies. The material is relatively soft and the 
pan lining lasts for ten years. Time required is 8-24 hours for each batch. Cylinder 
grinding is sometimes u^ for this purpose. 

1773. ContimioiK GroidBig in the Caramk bo^bistry. Anon. Chem. metall. Engt^, 
1924, 30, 783-4. A description of the new plant of the Amer. Grinding Co. Felspar, 
silica and clay are ground by a continuous process to -200 n»sh. The raw material is 
ground wet in a Hardinge mill, passes through two Dorr dassifiers and a Dorr 
thickener, is dewatered on a vacuum filter and delivered to a tunnel drier. 
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1774. Potter’s Mills. Anon. Elect. Rev.^ Lond.^ 1946, 139 (3594), 559«63; Ron. &. 
Class, Land., 1947, 25 (2), 38-41. The application of electricity to the milling of flint 
and stone for the production of pottery is described in detail. Pan, cylinder and con¬ 
tinuous grinding are touched upon, and specific mention is made of the substitution of 
electric power for steam in certain British mills, giving motor horsepower, etc. 1 dia¬ 
gram, 8 photographs. 

1775. Progress in the Design of Machinery for the Ceramic Industry. Progressus, 
1953, 5 E.2,45-8. Most ceramic specialists find that water has to be used to attain the 
required fineness of ingredients and wet grinding is therefore called for. Some types of 
wet grinding mills are illustrated. 

1776. Experiences in the Application of Impact Mills in the Brick Industry. Anon, 
Ziegelindustrie, 1953, 6, 305-6. It is regarded as superior to other mills for crushing 
clay for the brick and tile industry. The advantages are described individually. 

1777. Dry Grinding Clay to Eighty-Meidli. Albery, D. F. /. Amer. ceram. Soc., 1927, 
10, 804. A description of two installations for finding a terra cotta clay to 80 mesh is 
given. The necessity for fine grinding is explained and the difficulties encountered in 
development of process are enumerated. Advantages of finely-ground clay and the use 
of air separation are described. The Marcy rod mill and the Hardinge mill are described. 

1778. The Preparation of Ceramic Raw Materials. I and H. Avenhaus, W. Ziegel- 
Industrie, 1949, 2, 253, 276; 1951, 4, 422. A general account of preparing any kind of 
raw material by segregation, crushing and mixing is given. Reduction to small pieces 
can be done by a crusher, roller, edge-mill or ordinary mill. The use of pairs of rolls 
running at different velocities does not prevent the agglomeration of lime impurities 
at certain points, and, after milling, a separate mixer is necessary as with ordinary rolls. 
The high rate of wear and hi^ power consumption of differential rolls makes them 
uneconomical. The edge-mill and other types of mill combine grinding and mixing. 
The grinding work done by these machines can be determined by well-known methods. 
Useful numerical dimensions and relative values are still wanting for the determination 
of the work performed in mixing. In the planning of crushing plants the hardness, the 
largest diameter of the material to be crushed, and the diameter aimed at, have to be 
considered. Mixing and separating in general, screening, elutriation, and air separation 
are discussed. Stone separators are generally unsatisfactory. The manner in which clay 
particles become plastic is treated. The highest degree of plasticity is reached at a 
certain optimum water content characterized by Pfefferkom’s plasticity number. 
Kneading, treading, and the various ways of ageing are listed. Every ceramic raw 
material can be refined by preparation. Suitable preparation of the raw material is 
recommended especially for the heavy clay industry, where at present it is being con¬ 
sidered far too little. 

1779. Experience with the Combii^ Grindii^ and Drying of Clay. Balkevich, V. L., 
Dobrovolsky, I. S. and Zayouts, R. M. Glass & Ceramics, Moscow (Steklo i 
Keramika), 1951, 8 (2), 12; Trans. Brit. Ceram. Soc., 1951, 50 (9), 377a. A Russian 
Institute has built and tried out an installation for the simultaneous grinding and 
drying of day. Tliis is described. 

1780. Firtha* BaB Milling Studies on Pure Oxides. Bennett, D. G. and McCreight, 
L. R, Dept, of Ceramic Engineering, Illinois University, Oct. 1949. Copies available 
from: landing Library Unit, D.S.LR. Ref. 0714/43. The effects of milling time, type 
of mill and lubricant used on the compressive strengths of pure oxides and magnesia 
bodies are described. Experimental results indicate that the strength value of formed 
pure oxide bodies was increased by milling the fused raw material in a non-aqueous 
medium such as alcohol. [P] 

1781. Die Wet-Giiodi^ of Ceramic Raw Mateials and of all Hard Mataials. 
Blottehere, R. de. Rev. Mater. Constr., 1935 (314), 16Ib. 
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1782. Grindii^ Clays. Brov^'n, D. Brick Clay Rec., 1924, 64, 734. No radical change 
in methods for grinding clays for brick making has taken place within the last 30 years, 
though machines have been improved in constructional detail. Lumpy clays should 
first be passed through a granulator before grinding. For clays containing many 
stones, a conical or beaded roll crusher should be used. For best results, the material 
should be fed continuously at an even rate by means of a feeder or granulator. Dry 
pans are employed for clays having less than about 10% moisture. From 60 to 75% 
of the power required to drive a dry pan is used up between the screen plates and the 
scraper, and not in the actual grinding. Other less common types of mills are briefly 
discussed. 

1783. Dii^rsing Clays in a Colloid Mil!. Blrdick, R. Bull, Amer, ceram, Soc,^ 1945, 
24, 160. See under Colloid Mills. 

1784. Simultaneous Grinding and Dryu^ Clays for Dry Press Brick Making. 
Butkevich, V. M. Glass & Ceramics, Moscow (Steklo i Keramika), 1952, 9 (10), 14-7; 
Translation by Cass in Brit. Clayw., Aug. 1953, 62 (736), 154. An air-swept hammer 
mill w'as used. Results were quite satisfactory. There was no clogging. Performance and 
results from several tests on two mills are tabulated. 

1785. Machine for Pulverizii^ Clay. Cammis, E. Pott, Gaz., 1915, 40, 95. Sketch is 
given of a self-cleaning pulverizer, in which use is made of a rotary brush to spread the 
material over the perforated grids. 

1786. The Grffin Mill for Pottery Grinding. Carr-Hill, W. F. Trans, ceram. Soc,, 
1916, 15, 60. 

1787. Scientific, Technical, and Practical Study of Grinding and of the Preparat^ 
of Stoneware Bodies. Chalmel, F. Ceram. Mat. Constr,, 1933,36,235. The investigation 
was carried out to study the effect of the different methods of grinding and of preparing 
the body on eight different mixtures. The results point to the following practical 
conclusions: felspathic rocks should be dry-ground to leave not more than 2% on a 
200-n:esh sieve and clays dry-ground to pass a 20-mesh if they do not contain much 
impurity, otherwise they must be ground to fine powder. Fine grinding of a mixture 
favours homogeneity, plasticity, cohesion and reduces deformability in the kiln. 
Sharp-cornered grains favour cohesion and increase the resistance to compression, 
flexion, and wear and tear. Body compositions should have a vitrifiable clay base with 
moderate additions of a less fusible felspathic rock, and if necessary with a small 
addition of a fusible felspar. [P] 

1788. ImproYements in and Relatii^ to a Mefiiod and Apparatus for Pulvoizii^ Clay. 
Combustion Engineering Superheater Inc. Brit. Pat. 65^35, 1951. Clay is ground 
by a number of rollers in the lower part of the grinding imit, an air stream takes the 
product out of the mill. 

1789. Mamrfacture of Heavy Clay Products. Coulhon, A. Rev. Mater. Constr., 
VIndustr. Ceram., 1948 (386), 104. In the preparation of the fines for in the batch 
of any ceramic product, the raw material must be passed throu^ a series of grinding 
machines. The material itself should be dry Qess than 2% moisture). The shape of the 
resulting particles is important, and is governed not only by tl^ nature of the material 
and the method of grinding, but also by the design of the screens. Cylinder grinding is 
stated to give a lamellar product, whereas edge-runners give a more sphencal material. 
Horizontal screens with round apertures also favour the passage of spherical particles, 
whereas the same type of screen inclined will pass more ellipsoidal grains. Pnnwry 
crushers are divided into those of the hammer and those of the jaw t 3 pe. Tyincal 
examples of these and of the edge-runner type of mill are described. 4 figs. 

1790. llie Ratio iffWater to Soli^ hi Cylinder Griiidiiig.(2REYKE,W.E.C, and Webb, 

H. W. Trans. Brit. Ceram. Soc., 1941, 40, 55-72, Discussion 73-5. Ite important 
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feature is the viscosity of the charge, not the exact ratio, water to solids on grinding 
efficiency. Tables, graphs, 35 refs. See Nos. 630 and 1066. 

1791. WeariB^ Properties of S<Mne Metals in Clay Plant Operation, Part I—P®^ 
Min Knives, Muller Tires, Runn^ Plates, Screen Plates. Dierker, A. H. and Everhart, 
J. O. BidL Ohio Engng Exp, Sta., No. 97, 1937. 

1792. Hie Simultaneous Grinding and Dry^ of Clay. Essere, G. Rev, Mater, Constr,^ 
VIndwstr, Ceram,^ 1952 (433), 257. Soc. Stein and Roubaix, Paris, have now perfected 
a process for grinding and drying clay, thereby reducing to 1% or 2% the moisture 
which might amount to 20% in wet weather. Equipment is described, and the possi¬ 
bilities are considered good. A Raymond hammer mill is used together with air 
draught, separator, cyclone, deduster and ventilator. 

1793. Crusbii^ and Storage: How tiiey should be worked in a firebrick plant. 
Everhart, J. O. Brick, Clay Rec,, 1948,112 (2), 66. Since the advent of grain-sizing, 
grinding has become an important part of the forming process. There is so much 
difference between clays that no set rules can be given for grinding. Screening is 
important for improving quality and reducing grinding costs. The screens must be kept 
clean and should never be pounded with a club or board. Vibration and slope of the 
screen need careful adjustment. Baffle boards should be used to distribute the clay 
evenly over the surface of the screen. When several separations are to be made, the 
screens should not be arranged parallel, one on top of another, but should be placed in 
a zig-zag pattern. 3 figs., 1 table. 

1794. Grindii^ and Pneumatic Grading. Gilson, P. Rev, Mater, Constr, (Sect. B), 
1947 (381), 325-6 ; Brit, Ceramic Ahstr,, 1948 (3), 108a. A brief account of a ball mill 
suitable for grinding ceramic ingredients with air classification and oversize return. 

1795. Crushed Stone Production, Goldbeck, A. T. Proc, Amer, Concr, Inst,, 1954, 
50, 761-72. The processes from prospecting to the production of stone sand are 
described briefly. A list of 71 references is given. 

1796. S<Hiie FactcNTS Affectii^ Mixing Processes in the Ceramic Industry. Goodson, 
F. J. and Dodd, A. E. Trans, Instn, Chem, Engrs, Lond,, 1951,29 (3), 332-41. A descrip¬ 
tion of the processing of clays, etc., and of the factors affecting the properties of the 
slip and the extruded body. From the survey it will be appreciated that in general, 
grinding and mixing are inseparable in the ceramic industries. Any theories must 
include both operations, but up to the present, insufficient work has been done upon 
wffich a full theory can be developed. Greater control is required on all stages from 
winning the clay to the actual forming operation, and this symposium has focused 
attention on tire need for a scientific investigation into the mixing and kneadiog 
problems of the ceramic industry. 

1797. Effect of Grinding (m Kaolinite. Gregg, S. J., Parker, T. W. and Stephens, 
M. J. Clay, Min, Bull,, 1953 (2), (9), 34-44. The disintegration of china clay on grinding, 
flien the agregation of the fine particles (readily separated again by an air stream), 
and some chemical decomposition into free alumina and silica are described. 

1798. A Stndy of the Effect of Grinding on Kaolinite by Thenno-gravimetric Analysis. 
Gregg, S. J. Trans. Brit, Ceram. Soc., 1955, 54 (5), 257-61; J. appl. Chem., 1954 (4), 
631-2,666-74. Ihe method gives information as to the strength of binding of structinal 
water, and as to the structure of kaolinite.' Readings were taken of the loss in wei^t 
against time under constant rate temperature rise. With unground kaolinite the curve 
dw/dr against T shows a peak at about 500°C due to loss of structural water. On grind¬ 
ing for periods up to 1000 hours, the peak is progressively broadened and shifted to 
lower temperatures but the total loss is imchanged, signifying that the lattice is distorted 
but not destroyed by grinding (ball milling). The conclusion is supported by X-ray 
analysis and ^ data for solution in hydrochloric add. The specific surface (by nitrogen 
adsorption) increases and deosity falls. Tbe mechanism probably entails the two 
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opposing processes of disintegration by sl^ar and fracture of platelets and reaggregation 
by adhesion. Graphs. 3 refs. 

1799. The Preparatioii and Plasticity of Porcdam Mhces. Greiner, E. Ber, dtsdi, 
keram, Ges., 1950, 27, 99; 1951, 28, 421. Discussing the mf!i»ence of the method of 
grinding on plasticity it is suggested that, during grinding, cry^stals should be myved 
parallel to their plate structure, not destroyed by impact as they are in cylinder grinding. 
The superiority of bodies made in the old days with chaser mills is attributed mainly 
to a more careful grinding which preserved the platy structure. 

ISOO. Use of the Speed Stone Attrition MSI for Glaze and Body Pn^aratioii. 
Hansard, W. C. Bull. Amer. ceram. Soc., 1955, 34 (4), 115-6. The mill homogenizes 
and disperses, and consists of a vertically-driven shaft, with horizontal milling elements 
of vitrified aluminium oxide. Ihe premix to be milled is first introduced into the cone- 
shaped feeding vortex between rotor and stator, and is forced between the faces of the 
milling elements to the discharge spout. A size distribution of electrical porcelain 
glaze shows the product as 100% finer than 33 microns down to 20% finer than 
1 micron. Fineness and output quantity are controlled by coarseness of the grinding 
elements and distance apart. 

1801. The Contiimoiis System d Grmding Ceramk Materiais. Hardinge, H. /. Amer. 
Ceram. Soc.^ 1923,6,548. The paper includes considerable data on iht ball null grinding 
of ceramic raw materials. [P] 

1802. Magnetic S^[»anitors in the Clay Industry. Hawker, T. G. Brit. Clayw., 1952, 
61 (728), 277-8. Magnetic equipment for avoiding damage to clay crushers and 
ensuring the quality of slip, etc. Seven types of separator are brkfly de^bed. 

1803. Some Gay and S3iale Grinding Prolans. Henderson, L. A. J. Canad. ceram. 
Soc.^ 1945, 14, 13. Methods of grinding clay in order to overcome the difiBculties of 
moisture content and stones, especially lime pebbles, are outlined. 

1804. Contr<d and S^^ti(« in Dry Grmdiag. Hendryx, D. B. Brick. Clay Rec.^ 
Jan. 1954, 46. Includes a discussion on pan mills v. hammer mills. The dry pan is 
used more than any other in heavy clay industry because it is reasonably adapted to 
dry or wet, hard or soft, coarse or fine grinding and can be fed with small or large 
lumps. With a vibrating screen, and with small or large screen plates in the pan, it can 
control size distribution. Combines crushing with attrition; but with hard products, a 
ball mill should follow for brick materiais. Capacity can be increased by speeding up 
the pan. The hammer mill has been regarded as having too expensive maintenance for 
refractory grinding. But if used without grates, up to 75% decrease in wear can be 
achieved. Wear occurs in the drag of the hammers over the slots. Hard welding rod 
increases life. The impact mill does more work on coarse material. The hammer miii 
should really do the coarse grinding and the pan mill should grind the tailings. Hammer 
mill uses less power per ton than the pan mill, first cost is much less, but is not always 
suitable for wet material. Plenty of fines can be produced on suitable materials. 

1805. Grlodiiig in the Ceramk IhdiistEy. Junck, G. J. Soc. chem. Ind,y Fict., 1940,40, 
292-96. Brief desoiption of dry pan and bail mill grinding. 

1806. SyuMHis Gmhor hi the Ceramk Industry and tiie Universal Grinding Pl^. 
Kirchhoff. Ber. dtsch. keram. Ges.j 1941, 22, 135; Ceramic Abstr., 1941, 20, 222. The 
objection to the ball mill and the edge mill, generally used for grinding, is that the 
product consists of rounded particles which are undesirable in ceramics. 

1807. Biddiieiice of Partide Sixe DIstzhwticm on the Properties ci N^iheline Syenite. 
KcffiNiG, C. J. J. Amer. ceram. Soc., 1955, 3S (7), 231-41. Samples of nepheline symite 
pr&paicd by conventional and fluid energy (continuous loop) reduction methods were 
studied for (1) their fundamental properties, and (2) the characteristics they impart to 
vitreous boies. Fluid energy grinding methods make it possible to obtain a powder 
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passing 325 mesh and yet not to contain excessive amounts of extreme fines. The 
absence of large flux particles is conducive to a uniform distribution of the resultant 
glassy phase which permits a closer approach to equilibrium conditions and improves 
the physical properties of whiteware bodies. 14 refs. 

1808. The Determination of Grain Size. Leech, L. G., Ratcuffe, S. W. and German, 
W. L. Trans, Brit, Ceram. Soc., 1953,52 (3), 145-52. A note of the use of the Spekker 
Photometer and Rigdens’ Apparatus. See also under Particle Size Determination. 

1809. Grinding of Clays. Lomas, J. Mine <S: Quarry Engng, 1953,19, 51-2. Clays for 
common grade products require little preparation before grinding, apart from removal 
of stones. Kaolin and industrial clays require purification, such as washing in presence 
of deflocculants. Grinding equipment is discussed, including the rotary crusher, 
double cage disintegrator and beater, flour, pebble hammer and roller mills, 

1810. A New Design of Clay Shredder. Malchenko, V. I. Fireproof Mat., Moscow 
(Ogneupory), 1949 (4), 414-5. 15-20 tons per hour are obtained with 30-h.p. motor. 
Drawing. 

1811. The Employment of Hammer Mills in the Ceramic Industry. Massieye, J. Rev, 
Mater, Constr, (Sect. B), 1953 (444), 155-8. See under Hammer Mills. 

1812. Preliminary Crushii^ of Fireclays. Miller, R. H., Munro, A. H. and Cungan, 
J. R. T. Brick Clay Rec., 1945,107 (1), 57. The authors give their individual opinions 
on the best methods of preliminary crushing: the type and location of the crusher, the 
effect on it of the hardness of the clay, weathering, and method of mining. The 
importance of the size of the material before and after crushing is also discussed. 

1813. On the Grinding Behaviour of Ceramic Bodies in Wet Cylinder Grinding. 
Muller, R. Sprechsaal, 1935, 58, 613, 627. Experiments were carried out with raw 
kaolin in a wet cylinder mill, which in size, construction and operation corresponded 
with mills used in ceramic practice. The progress of the grinding process was controlled 
by fractional sieving of ground samples. The results of the experiments were studied 
both by the hyperbola method suggested by Mittag and by the exponential method, and 
the advantages of the latter are demonstrated. The grinding of the coarser ingredients 
of material is effected by the crushing action of the falling flints, while the grinding of 
the finer portions is due to the grinding action of the revolving flints in the bottom of 
the cylinder. A delay in the grinding process sets in with the fine grinding of the higher 
fractions, while the rise in viscosity as the grinding proceeds renders more difficult the 
grinding of the finer grains. Increasing the weight of flints reduced the number of 
revolutions necessary for fine grinding, but the grinding efficiency is lowered. Increasing 
the speed of the mill reduced the grinding time, but increased the number of revolutions. 
Increasing the weight of the individual flints while maintaining the same total weight 
considerably reduced grinding efficiency; the number of flints is the important factor. 
Increased speed with larger flints reduced the efficiency in proportion to the increase 
in speed. Reducing the water-content lowered the grinding efficiency, which could not 
be compensated for by increasing the wei^t of the flints. [P] 

1814. The CcMitrolled Milling of Ceramic Materials. Podmore, H. L. Ceramics, 1952, 
3, 621; Fott, Gaz., 1952, 77, 1740. Compares the grinding resistance of two samples 
of felspar by grinding each with limestone and determining the specific surface of each 
after each experiment, both before and after dissolving out the limestone, then com¬ 
paring each with the limestone surface. 

1815. Ball-Milis. Reinhold, K. TonindustrZtg, 1916, 40, 102. Surprise is expressed 
that the advantages of the cylinder mill are so little known to brick and tile makers. 
The vertical runner mill, it is often said—and rightly so—grinds well moist and even 
wet material^ although there are cylinders which are quite as good for wet grinding. 
With ^ ball mill for dry grinding power is economized and output increased. The 
n^terial to be ground should always be kept at the same level in the cylinder, and 
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pebbles or balls be examined from time to time, so that their original weight and size 
may be kept up. 

1816. Dr>' Pan Investlgatkms Using a Small Sami^ Tecfanape. Richards, R. Trans. 
Brit. Ceram. Soc., 1955, 54 (6), 367-87. A method for investigating the operation of a 
dry pan is described involving measurements on small samples of the outputs and 
presenting the results in the form of statistical control charts. From the charts reliable 
estimates of the inherent variability of the grinding pans are made and used to deter¬ 
mine the precision of the averages finally quoted. A typical investigation described was 
designed to determine the effect on the output and fineness of the acceptable material 
produced, of using different settings of the idling position clearance betwi^n the rolfers 
and the deadpiate. It was found that at one works there was a marked increase in output 
and fineness when the clearance was changed from 2 in. to 1 in., although at two other 
works using nominally the same geological deposit no such effect was observed. It was 
concluded that reliable estimates of inherent variability can be made even to half-hour 
periods. The effects of modifications of the dry pan on output, etc., can be made. 
In the discussion a number of variables which might affect the experimental results was 
pointed out. [P] 

1817. The Millii^ of Pottery Mataiah and its CoatroL Riley, A. H. Trans. Brit* 
Ceram. Soc., 1939,38, 561. Pan grinding of flint is discussed. 

1818. Milling and Matmals. Rjqley, A. H. Ceramics, 1952,4 (44), 120-8. The grind¬ 
ing of materials for pottery ware is discussed. Flints need calcining under controiW 
conditions before grinding. China stone is crushed in its natural state. The three 
methods of fine grinding are compared, with regard to costs: i.e. pan grinding, cylinder 
grinding and the Hardinge mill. Pan grinding is the most expensive method. Pulp 
characteristics, and the necessary mill conditions are discussed, together with effects of 
soda, calcium chloride and other governing factors. 

1819. Grinding in Stages. Salganik, L. D. Fireproof Mat., Moscow {Ogneupory), 
1948,13,344. Flow-sheets are given for the crushing and grinding of various refractory 
raw mateiiaisl For quartzites a cone cru^r effects a preliminary reduction to 50^ 
60 mm; the material then passes to primary and secondary rolls which respectively 
reduce the size to 12-15 mm and 3-5 mm. After saeeiung, the tailings are returned 
to the secondary rolls, the remainder, except for a fraction which is ground still finer 
in a tube mill, is passed to the storage bimker. An alternative procedure involves a 
prelimiiiary screening into two fractions after the primary roils; the finer fraction 
(5-10 mm) passes to the secondary rolls and the coarser fraction (10-15 mm) to the 
tertiary rolls. In this way three grain sizes are obtained: 1-5 mm, 5 mm and 5-8 mm. 
Silica flour is again produced in a tube mill. At one Russian silica brickworks using 
this scheme of crushing, the output was 15-20 tons per hour. Replacement of the cone 
crusher by a jaw crusher, and of the crushing rolls by edge-runner mills, led to a marked 
increase in output; the tube mill was omitted from the grinding circuit in this new 
scheme. A more accurately controlled grading can be attained by screening out the 
5-12-inm fraction after the dry edge-runner grinding and passing the oversize to a 
second dry edge-runner, which yields a 5-8 mm-fraction. Finally, flow-sl^ts are given 
for a system of grinding having general application. After being enisled and passed 
through a preliminary grinding unit, the material is screened into two fractions; these 
are separately ground in further grinding units. 7 figs. 

1820. DeveloiHiieiits in Fine Ceramic Machinay. Schlegel, W. Ber. dtsch. keram. 
Ges., 1939, 20, 18; Ceramic Abstr., 1941,20, 122. In the installation of a conical tube 
mill, the feldspar or quartz is first broken by rollers, and the dried material is brought 
by a conveyor to a silo, from which it is conveyed uniformly to the tube mill. Tte 
ground material is taken by a bucket conveyor to an air separator and the material 
of the desired fineness is then automatically bagged. This installation produces about 
1200 kg quartz ^ound to pass a 240-mesh sieve. 
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1821. Microscope Examinatiim of Ceramic Preparations. Schoblik, A. SprechsaaU 
Sept.-Nov. 1953, 86 (17), (18), (19), (20), (21). A series of articles accompanied by 
photographs. 

1822. Ban Mining of Pure Ceramic Bodies, Schoheld, H. Z. Bull. Amer. Ceram. 
Soc.^ Feb. 1953, 32, 49-50. Experience in the laboratory is re\dewed on ball milling 
pure ceramic bodies to fine grain sizes (order of 8 microns) without contamination. 
Mills lined with beryllium, carbon or rubber and employing balls of beryllium, zir¬ 
conium, zirconia, magnesia and carbon have been employed successfuUy in various 
combinations to mill beryllia, magnesia, zirconium carbide and graphite. (Author’s 
summary.) 

1823. Crashing Boulder Clays. Searle, A. B. Crush. & Grind., 1934, 2, 155, The 
various types of niilk in use, safety devices, separators and washing plants are discussed. 

1824. CrushiDg and Grinding Plastic Qays. Searle, A. B. Crush. & Grind., 1934, 2, 
209. For the purpose of a description of the methods of treatment, clays are divided 
into four groups: naturally plastic clays of dijfferent consistencies in various localities; 
clays in the form of rocks which can be crushed to powder; clays containing varying 
amounts of pebbles, etc,, which can be crushed and remain in the mixture (brick and 
tile clays); and clays containing limestone, etc., which has to be removed. 

1825. Effect of Fine Grinding on Some Characteristics of Fine Earthenware. Shiraki, 
Y. and Matsumoto, M. /. Jap. Ceram. Soc., 1951, 59, 443. Effects on such properties 
as thermal expansion and moisture absoiption were studied. 

1826. Studies in Wet Grinding of Pottery Stone. Shiraki, Y. and Kawanami, S. J. 
Jap. Ceram. Soc., 1952, 60, 412-6. 4 figs., 4 tables. 

1827. Clay MOliiig. SmRAKi, Y. and Kawanami, S. J. Jap. Ceram. Soc., 1953,61,4. 
The ball milling of Japanese china clays is studied. The relations between grinding 
time, fineness and viscosity of the mill charge are measured and the effect of the size 
of balls upon grinding efficiency is considered. 

1828. Studies in Clay Wato Systems. Sheraki, Y. J. Jap. Ceram. Soc., June 1955, 
63 (709), 233-43. Plasticity of clay. Torsional experiments on the plasticity of various 
clays are described. Plasticity of clay is very complex, and exact relations between 
plasticity and particle shape, size distribution, amounts of coarse grain in clay, protec¬ 
tive colloid, exchangeable bases, time of ageing, etc., are not found. The Macey’s 
‘bucklash’ phenomenon is detected in many clays; it has no direct relation to ffie 
amount of colloid particle in clays or exchangeable bases, but it has a relation to their 
water contents. 26 refs. 

1829. Clay Preparation and Dirintegration. Spingler, K. Ziegelwelt, 1936, 70, 149. 
The development of the various machines for the wet and dry preparation of clays 
is traced, the principles underlying the preparation and disintegration of clay, rather 
than operation of individual machffies or groups of madiines, being dealt with. 
In general, present-day methods represent a combination of the use of modem mechani¬ 
cal appliance and the old-fashioned clay weathering process, now largely mechanized. 
[P] 

1830. New Des^ns in Brick Making Madiinery. Spingder, K. Progressus, 1953, 
5 E.3,17-9. Of the fifteen types of equipment illustrated, three are preparation mills : 
(1) a toothed roll crusher for flint clay; (2) edge-runner mill (twin lunners); (3) rolling 
mill. A Tempting’ mixer for use between the pan grinder and finishing rolls is also 
illmtrated. 

1831. Pr^iaratkm of Ahnnina Ware. Stott, V. H. Metallurgia, Manchr., 1951, 44 
(264), 212. Describes grinding methods for preparation of alumina slip. Ball mills are 
geii^rally used but micronizers have been used alone or in combination with ball 
mining. Wet and diy milliig ai^pear suitable. Comments are made on the series of 
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articles in recent months where various tediniques used at R.A.E., British Ceramic 
Research Association, N.PX., and Leeds University are described. 

1832. Devek^pments in Cla^^odmig Madiinery. Sykes, L. J. Trans. Brit. Ceram. 
Soc.^ 1939,38,378. The paper includes notes on the use of high-speed rolls. The modem 
trend is to use these for the jBne grinding of clays for tiles, or clays containing limestone. 

1833. Grinding of Ceramks. Taggart, A. F. Handbook of Mineral Dressing, 1945. 
Wiley & Sons, New York, O^pman & Hall, London. Sect. 6: 1, 6, 13. The mills 
specially adapted for the grinding of ceramics are described briefiy. 

1834. Particle Size Distrihutioo and Mechanism of Size Redoctimi. Tanaka, T. 
Chemical Engineering, Japan, 1955,19, 152-7; Chem. Abstr., 1955,49, 8575. See under 
Fundamental Aspects and Size Distribution. 

1835. Modernizing Dry Kacdin Milling m Sooth Carolma. Tyler, P. M. Engng Min. 
J., 1949,150 (6), 56-8. Uie first stage in processing dry milled kaolin is the shredding 
process. This is done in a pan mill without runners. Numerous knives protrade 
upwards from rectangular slots, and the shavings pass through the slots for drying and 
further disintegration. Illustrations of the Qay Slicer. 

1836. Partkle-Size Distribotimi m Some Groimd Ceramic Raw Matoiaisi Vieweg, 
H. F. /. Amer. ceram. Soc., 1935, 18, 25. Experiments were carried out on typical 
commercial flints and felspars, analyses being made on three batch-ground felspars* 
two continuous-ground felspars, two batch-ground flints, and three continuous-ground 
flints. The batch-ground materials were found to have particle-size distributions in the 
range above 5 microns, characterized by an inverse fourth power size-frequency. 
The continuous-ground materials had more complex particle-size distributions, whi^ 
are related to those of the batch-ground materials. [P] 

1837- Particle Size Measuranent of Kaolin and oflier Clay Matermls. Vinther, 
E. H. and Lasson, M. L. Ber. dtsch. keram. Ces., 1953,14, 259-79. See under Particle 
Size Measurement. 

1838. PreparaticHi Machines in the Brick Industry. Welzel, G. TonindustrZtg, 1941, 
65, 285. The quality of brick production and its economical manufacture are largely 
dependent on the preparation of the raw material, and faults in manufacture are 
found to be mainly in the preparation and not in the presses. The methods of luepara- 
tion, the effects of the equipment used and best design of feetos are discuss^ in detail. 

1839. The Des^ and CcHrrectkm cff Dks. Part H. Particle Size and Gxm^ag Method 
as FactCNTS in Dk ControL Whitaker, L. R. Brick Clay Rec., 1945,186 (4), 42; Brit. 
Clayw., 1949, 57, 291. The effect of the particle size of a mix on the manufacturing 
processes is discussed, and a good screen analysis of shale is given as an example. 
The factors to be taken into consideration for the correct size distribution of material 
groimd by means of dry pans, roll grinding and hammer mills are explained. The author 
emphasizes the need for excess grinding capacity, and deals with the problems of 
obtaining a uniform mixture from the non-uniform ground materials. It is better for the 
circulating load to be kept at a low level to avoid wasting power, and full use should 
be made of machinery to reduce the manpower required. 

1840. The Manufactore Bricks in South Africa. Williams, A. H. J. Instn cert. 
Engrs, S. Afr., 1947,20 (3), 78. The general process of teickmaldng is outlined on the 
basis of current practioe at a brickworks at Springs in Transvaal. An improved per¬ 
forated pan edge-runner is described; by using radial, rather than drcunffeiaatial, 
slots in the pan bottom clogging is prevented and the output is increased 30%. Oversize 
is fed to a hammer mill, which can <kal hourly with 15-20 tons of material ccwotaining 
10% of moisture; if dry clay is fed to the hammer mill, 30 tons can be ground per hour. 
10 figs, m 

1841. S^iniflcance Particle F^eness and Size DIstrfliiitioii and the Coii^^ositioa 
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of Clays in tiie Production of Heavy Ceramic Products. Winkler, H. G. F. Ber, dtsch, 
keram, Ges,, Oct. 1954, 34, 337-43. The particle characteristics are of outstanding 
importance in the production of bricks, etc., both as to size distribution, shape and 
nature. The methods of analysis (sieving and pipette methods) are described and results 
are presented in a series of 14 graphs. Recommendations are made for preparation of 
various products. 

1842. An Interesting New Grinding Process. Wolfram, H. G. Bull. Amer. ceram, 
Soc., 1939, 18 (10), 374-5. Description and application to clay of the “micronizer”, a 
new concept. 

1843. Modem Grinding Methods in California. Wright, J. Ceramic Ind., 1924, 2, 
207. The plant of the American Grinding Co., at Los Angeles is described. The mw 
materials are conveyed to a chrome-steel jaw crusher, which will crush clay, flint and 
spar alternately as required. The crushed material, in pieces i in. in diameter and 
smaller, is elevated to 100-ton bins, from which it is fed continuously with a constant 
volume of water, into a Hardinge mill measuring 8 ft x 22 in. The fines produced in 
this mill are carried out with the overflow, and are then pumped into a small hydro¬ 
separator (Dorr Thickener). Dr. Heinecke, a former Director of the State Porcelain 
Works, Berlin, proceeds in a similar manner {German Pat. 339339). 


CHALK AND LIMESTONE 

1844. Chalk Crushing and Screening Plant Anon. Cement Lime Manuf., 1953, 
26 (4), 57-9; Cement Lime dc Grav., Jan. 1953, 304-7. A new plant by Chalmers 
Engineering Works at the quarries of the Chinnor Cement & Lime Co., Ltd., is 
desOTbed. The chalk is cru^ed in a single toothed roll crusher at 70 tons per hour, and 
at sizes of 36 x 24 in. Details of screens and conveyors are given. Diagrams. 

1845. The Manufacture of Nitro-Chalk. Anon. Industr. Chem. Mfr., 1954, 30 (3), 
107-10. The mill operates in a closed cycle, the product being pneumatically transported 
to the ammonium nitrate treatment plant for the manufacture of nitrochalk. The 
crushing process is controlled to interlock with the other plant operations. The type of 
‘pulverizer’ is not stated. 


1846. Oialk Cmsliii^ and Screening at Chinnor. ScL Art. Min., Jan. 1953, 63, 
176-7. Feed of 36 x 24 x 24 in. is reduced by a Fraser and Chalmers manganese steel 
tooth roll crusher 30 in. diameter by 50 in. long. 

1847. Open Circuit CriKhing is Effected in Stilfontein Reduction Works. S. Afr. Min. 
iEngng)J., 1952, ^ (2), 629-31. First stage is by rod mills, which do not appear very 
sensitive to feed size. The sorting and crushing is described in detail. 

im Li^one Quanyii^. Evans, A. G. P. and Whitney, F. R. Road Tar, 1950, 
4 (1), 5-7. Considers the operations (1) blasting, (2) further blasting, (3) loading to 
crushing plant, (4) crushing for road aggregate. 

™ Chalk Grinding. Hurao, G. F. TonindustrZtg, 1953, 


1850. P^e Size DistributiOT of Hydrated Lime. JoGiiCAR, G. D., Kumaraswamy. 

12 (11). 343-5. Impurities segre- 
^ with tte larger partides. QuaUty is improved if these are removed. A sedimenta¬ 
tion method is described for doing this , 

1851. Tte of Lime. Lomas, J. Int. chem. Engng, 1951 (5), 213-5. The 

gi^g of qmckl^ is deOTibed by a ring roU mill, baU mill and hammer mill to give 

requirements. There are conflicting views 
quicklime before hydration, but for the sugar- 
beet mdustiy a fineness of200 mesh is required, which is achieved by a baU miU with air 
separation. 
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1852. Primary Crushing: Progress Report No. 3. Sheppard, M. Rep, Invest. US. 
Bur. Min.^ No. 3390, 1938. This report deals with the relationship between feed and 
product of two different limestones, as to size distribution and particle shape, wIkjii 
crushed in the same crusher. 

1853. Triirfe ProdiKrtion witii Improvements. Swanson, H. E. Rack Prod., 1947, 50, 
103. By installing primary crushing and screening equipment in tl^ quarry of a lime¬ 
stone plant, and conveying the material by belt to the factory, output has been con¬ 
siderably increased. A diagram illustrates the flow of material through each operation. 
Four bucket excavators are used to win the material, whidi is transported from the 
primary to secondary crushers by 10-yd tipping lorries. 

1854. Impact Primary iWiices Clerical Prodbcts. Torgerson, R. S. Rack Prod., 
1945, 48 (11), 66. Dolomitic limestone is fed into a hopper equipped with a vibrating 
feeder which maintains a steady input to a double impeller crusher. In this machine 
two large impellers are operated clockwise and counter-clockwise by electric motors, 
with the tops of ti^ impellers running away from each other. Rock is struck by the 
impeller bars which travel at speeds varying from 300 to 900 rev/min. This machine 
acts as a primary crusher, taking stone up to 30 in., and can handle up to 100 tons per 
hour. Throughs are elevated and screened. The fraction — 1 in.+i in. goes to a surge 
bin, and the fraction - i goes direct to a bin for lorry loading. A slotted i-in. screen 
is used to get maximum screening production, and as the crusher product is cubical in 
shape, there is no trouble from slivery particles with this tyi>e of saeen. 

1855. Occurrence, Properties and Prqparatioit iff limestoiie and Chalk for WMtmg. 
Wilson, H. and Skinner, K. G. Bull. U.S. Bur. Min., No. 395, 1937. 

1856. Posh Buttmi Controlled Fine Grinding in a limestone Plant. Rod Mills. 
Wright, C. E. Rock Prod., April 1955, 58, 88-9, 186. A completely mechanized and 
electrified plant at Dolomite Products Inc., Ocala, Fla., produces 40 tons per hour of 
finely-ground limestone, using a rod mill with an oil-fir^ furnace supplying warm air 
for drying. The rod mill is 6 ft x 12 ft with 3-in. diameter rods and a 200-h.p. motor. 

COAL AND COKE 

1857. Coal Pnlv^izatioii, see also under: General Papers; Medianism of Fracture; 
Size Distribution; Grindability; Non-Mechanical Methods of Pulverization; Hammer 
Miiis- 

1858. I%ysical Studies of CoaL Rep. Dep. sci. industr. Res., ImL, 1951-2, p. 112. 
H.M. Stationery Ofiice. A series of field tests on an industrial pulverizer, un^rtaken 
in collaboration with the British Coal Utilization Research Association, has confirmed 
the conclusions of pilot trials and when fully analysed should enable comparisons of 
the different coals and of the influence of grinding mill variables. The tests so far 
indicate that the present grindability index is not entirely satisfactory, and further field 
tests are envisaged with different types of mill. The trials have shown the necessity of a 
knowledge of the fundamentals of coal structure and the mechanism of breakage. 
Static and dynamic laboratory tests are therefore being devised. Much work has been 
completed which has indicated how modification of the striKrtum of coal by pre¬ 
treatment can materially alter the breakabiiity, and grinding tests over a range of 
temperatures have been carried out. [P] 

1859. Charactaistics of Piilvaized Coal—^Effect of Type of Mill and Kind eff CoaL 
Rep. Fuel Res. Bd., Lond., 1934, p. 117. H.M. Stationery Office. High-speed air-swept 
impact mills tended to produce a hi^ proportion of coarse particles and also round^ 
particles. Generally there is a wide variation in shape; tube mills produced fiake-like 
aggregates of fines and a more even distribution of ash. Bri^t coal tended to be more 
concentrated in the finer fraction and dull c»al in the coarser fraction. [P] 
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1860. Re^sfance of Coal to Grtoding. Rep. Fuel Res. Bd., Land., 1936, p. 49. H.M. 
Stationery OflSce. The energy required to produce unit surface increase was determined 
by several methods and the compression method was found to require least energy. 
Two anthracites, one fissured, were submitted to the U.S. Ball Mill Standard Test. 
The fissured structure had a greater effect on the coarse crushing characteristics. The 
efficiency of grinding in terms of surface area produced was the same whether single 
stage or 10% cycles were employed. 

1861. Resistance of Coal to Grindii^ and Crushing. Rep. Fuel Res. Bd,, Lond., 1937, 
p, 42, H.M. Stationery Office. Two South Wales coals were submitted to compression 
tests on different size cubes, jaw crusher tests, crushing roll and ball mill tests. As the 
size of cubes decreased the strain energy at fracture increased (in compression tests). 
The same tendency was shown in jaw crusher tests. Both crushing roll and ball mill 
tests showed increased resistance as fineness increased. The size distribution curves 
were polymodal (more than one predominant size). The secondary mode always 
occurred at about 1 mm and 0*4 mm respectively for the two coals, irrespective of the 
intensity of crushing. 

1862. Gas. Report of the Productivity Team to U.S.A., 1952. British Productivity 
Council, London. Coke Ovens, p. 29. Every undertaking regarded the fine crushing 
of the determined blend of coal as a necessity for the attainment of the specified and 
constant bulk density. The desirable fineness of 80% (or 85%) passing a i-in. mesh 
was produced by first breaking in a Bradford breaker and then reducing in a Perni- 
sylvania hammer mill. To maintain a constant bulk density it was common practice 
to spray a heavy fuel oil or waste wash oil on to the blended coal mixture at the entrance 
to the hammer mill. From 0-1 to 0*25 gallon per ton was used according to moisture 
content (varying from 5% to 8%). 50 Ib/cu. ft was the bulk density usually achieved. 

1863. Characteristics of Palverlzed Coal—Effect of Type of Mill and Kind of Coal. 

Pulverized Fuel Conference, 1947. Institute of Fuel. 2 gns. Summary of Conclusions 
of Tech. Pap. Fuel Res., Lond., No. 49. Six types of mill were used: tube, lab. ball mill 
with no air sweeping, slow-speed ring ball mill, medium-speed emery mill—^no recircu¬ 
lation of oversize, hammer and pig mill—with hi^-velocity air sweeping and recircula¬ 
tion. Five coals were used. Conclusions were as follows. (1) Fineness. Ball ring mill and 
emery mill gave particle size and size distribution nearly identical and independent of 
coal type. Size distribution was close to R. and R. law. The other mills gave large 
variation in size distribution, including coarser product. The tube mill gave aggjomera- 
tion with flakes, hi^-speed impact mills gave ag^omeration due to classifier action and 
more with harder coals. The difference between mills and coals was accentuated as 
product fineness increased. (2) Particle shape. Tube mill gave ag^omerated superfines, 
some also from ball mill. Hi^-speed impact mills gave rounded particles. Difficult to 
distinguish particles from each mill. (3) Ash Distribution. Tended to concentrate in 
the coarser fractions except for tube mill, where the distribution was even. Other 
distribution data are given. (4) Banded Constituents. Variation in distribution among 
coarse and fine fractions. See Berckel, Brown, Handscombe, Hawkesley, Morland, 

Wilkins and Wilson. [P] 

1864. Coal Preparatirwu 4th World Power Conference, London, 1950. See under 
C. Wilwertz and W. Idris Jon^. 

1865- Resurfaditg Pulyorizar Ridlars. Anon. Engineering, Lond., 17 Aug. 1956, 
182 (4719), 214-15. Rebuilding the rolls of coal pulverizing mill was done until 1948 
by hand welding as many as five or six times before the rolls were scrapped. A dis¬ 
advantage is the time occupied and the development of cracks. A solution has been 
found, by the Metropolitan Vickers Co., Ltd., in the form of an automatic welder 
wbere a preheat of the roll to 400®C does not affect the welder, and where the time of 
deposition is reduced by 80%. 
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1866. Grinding Coal. Financial Times^ 29 July 1955, p. 11. Investigations by the 
Fuel Research Station, D.S.I.R. and the British Coal Utilization Research Association 
jointly with a number of pulverizing mills have shovm that the efl5cien<y of grinding is 
not solely related to power consumed but is also dependent on the control settings of 
the mill used. As a result, equations have been developed for coals of different Hard- 
grove grindability indices which relate the fineness and rate of grinding to the control 
settings of the mill. It has been demonstrated that increased spring loading on the 
grinding elements will increase output. DP] 

1867. Symposium on Coal j^eparation. Leeds University, Dept, of Mining, No. 1952; 
Fuel. Abstr., Oct. 1954, 3391. See under L. W. Needham. 

1868. Apparatus for Pulveriziiig Coal and Coke. Anon. Tonw.-Ofen u TdpfZig, 1918, 
42, 18. A general description without illustrations. 

1869. Steam Jet Pulverizer. Anon. Steam Engr, 1946-47, 16, 432-3; 17, 71-2; 
Heat. & Ventilating, Feb. 1947, 44, 87. The Blaw Knox Co. has produced a pulverizer 
using a steam jet (Superheat) at 750°-900®F and 100 Ib/sq. in. The product is delivered 
to the burners either direct or after separation of the steam. C^apacities up to 10 000 Ib/h 
with solid fuels of various kinds. An electric eye at the burners ensures shut ofFof supply 
on ignition failure. 

1870. Method of Test for the Grindability of Coal by the Hard^ove Machine Method 
A.S.T.M. Design D. 409-51. Book of A.S.T.M. Standards, 1955. R. 5. The principle of 
the method is the determination of the amount of a 50-gram sample passing a 200-mesh 
sieve after being ground for a specified number of revolutions in a ball race pulverizer 
of specified design. The grindability index is defined as 13 -1- 6*93 W, IFbeing the weight 
in grams passing the 200-mesh sieve. The index was formerly based on the surface area 
of the whole of the sieved product which was compared with that of a standard coal. 
Details of the tentative methods are given in the earlier books of standards. See 
Hardgrove, Trans. Amer. Soc. Mech. Engrs, 1932, 54, 37-46; Taggart, Handbook of 
Mineral Dressing, 1945, Sect. 19, 97-8; Proc. Amer. Soc. Test. Mater., 1935, 35 (1), 
854; and Combustion Appliance Makers* Association Document, No. 1657, 1938, 
57-64. 

1871. Tentative Method of Test f<M: Grindability of Coal by the Ball Mill Method. 
ASTM Design D.40S-37T. Book of A.S.TJd. Standards, 1949, pt. 5, pp. 616-19. The 
principle of the method is the determination of the number of revolutions of a ball mill 
required for grinding a specified weight of crushed coal until 80% passes a 200-mesh 
sieve. See Yancey, Furze and Blackburn, Trans. Amer. Inst. min. (metall.) Engrs, 1934, 
108,267, Estimation of the Grindability of Coal. For the modified method (no replenish¬ 
ment), see Hertzog, et al. Tech. Publ. U.S. Bur. Min., No. 611, 1940. This tentative 
method of test has been deleted since 1949. 

1872. Grindability Indices. Num^cal Comparison. Combustion, N.Y., 1940, (5), 
31-4. The values below are embodied in a graph in the above paper. See also Brunjes, 
Grindability. 


Ball Mill 

Hardgrove 

BaUMiU 

D408-37.T, 

D409-37.T. 

D408-37.T. 

20 

29 

20 

14 

30 

43 

30 

21 

40 

56 

40 

28 

50 

68 

50 

36 

60 

80 

60 

44 

70 

90 

70 

52 

80 

100 

80 

60 

90 

110 

90 

70 

100 

118 

100 

80 



110 

90 


The index 100 on the ball mill scale signifies the softest and most easily ground material. 
The index on the Hardgrove scale is a standard reference figure. 
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1873. Drop Shatter ai^ Tumbler Tests for Coal. Book of ASJ'.M.- Standards 
1955, Pt. 5. Method of Test for Drop Shatter Test for Coal A.S.T.M, Design. D.440-39 
pp. 992-6. Method for Tumbler Test for Coal. A.S.T.M. Design D.441-45, pn 997- 
1000. 

1874. Sampling and Fineness Tests. Book of A.S,T.M, Standards, 1955, Pt. 5. 
Standard Method of Sampling and Fineness Test of Powdered Coal. A.S.T.M. Design. 
D.197-30, pp. 982-5. Standard Method of Test for Screen Analysis. A.S.T.M. Design 
D.410-38, pp. 1001-3. Standard Method for Designating the Size of Coal from its 
Screen Analysis. A.S.T.M. Design D.431^, pp. 1004-5. Standard Method of Test 
for Size of Anthracite. A.S.T.M. Design. D.310-34, pp. 1006-8. 

1875. Repcut on 2nd International Conference on Coal Preparation. Essen. Sept. 
1954. Ann, Min. Belg., Jan. 1955 (1), 49-67; FuelAbstr., June 1955, 5058. 

1876. Steam Jet Coal Pulverizer. Blast Turn., 1947, 35, 470-2. 

1877. Du Pont Tries New Route to Synthesis Gas. Anon. Chem. Engng, Mar. 1954, 
114. Du Pont will be pulverizing its coal in fluid energy mills using steam as the high- 
velocity fluid. This is prior to combustion in steam and limited oxygen in a modified 
steam-tube boiler with slagged ash. 

1878. Degradatiim of Coal. Coal Age, 1936,41, 309-10. A summary of information 
on this subject presented to the annual meeting of the Illinois Mining Institute. Con¬ 
tributions by C. M. Smith, L. A. Hifl and I. W. Starks. 

1879. Two Coal Products from a Single Roll Crusher. Anon. Edg. Allen News, 1946, 
25, 713-14. 

1880. Plant for Pdverizii^ Coal. Edg. Allen News, Jan. to July, 1955, 34. The 
British Ren^ ball mills and ring roll mills are described. General consideration con¬ 
cerning choice of equipment is briefly outlined. The ball mill is designed for large out¬ 
puts, 8-10 tons per hour. The ring roll mill, fitted with a vacuum system, is designed 
for coals and a large number of other materials. The feed is assisted by the suction 
generated by the fan at the mill outlet, tramp iron, etc., falling out. An illustration 
shows a ring (3) roll mill the ring being vertical. Wear of components does not affect 
the fineness of grinding. A plant for firing a cement kiln consists of an air-swept ball 
mill from which fines are led to the firing end of the cement kiln. Illustration. The output 
is 4 tons per hour of fuel, 90^ passing a 170-mesh sieve. Fan design and distribution 
to burners. The construction features of fans are described in detail. Wear problems 
are dealt with. Power consumption, burners, filters, cyclones and conveying equipment 
are briefly descried. Table of data on the British Rema ring mill is given. Table of 
Sizes and capacities of the British Rema ball mill pulverizing equipment, central shaft 
toven ^d trunnion types. Description of Rema tube miU with air classifier; British 
Rema ri^ roll plant with air cleaning plant. (Vertical ring with three rollers, the top 
rofler being driven, aU three being pressed against the inside of the ring.) Coal is ground 
to 90% passing 200 B.S. 

1881. A Pneumatic Pulvmzer Mill. Engng Boil. Ho. Rev., Aug. 1952, 56, 92-7. A 

shon resume of the work of Russian investigators into the action of pneumatic milk 
for projecting coal against a bafiie plate. The critical air speeds are from 30 to 50 ft/s 
for different coals, but higher velocities would be required according to circulation 
ratio. Several instaUations in Russia and Germany are described. It is claimed that a 
cokmg coal can be ground to 28% through 88 microns for 36 kWh/ton at 1300 Ib/h 
output. ^ 

Smne Novel Methods of Coal Pulverization. Engng. Boil. Ho. Rev., 1946, 61, 
147-53. Description of the German-built ‘Angers’ pneumatic pulverizer. Description 
of development, design and operation of coal atomizer. 

1883. Test of a Reported Effect of PiilTerizati<»i upon CartHnization Properties of 
Coal. Fuel, Lend.. 1952, 31, 33-6. 
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1884. Measurement of Coal Grindability. Fuel, Lend., 1955,34 (3), 367. A Hardgrove- 
type machine has been designed and manufactured by H. W. Wallace & Co., Ltd., 
for measuring the grindability of coal to be used as pulveiized fuel. The machine con¬ 
forms to A.S.T.M. Tentative Standard D.409-37T in handbook D.5, and has been 
planned at the suggestion of British Coal Utilization Research Association to accom¬ 
modate any minor changes in the test which may be foimd desirable. The ‘bowl’ 
or container is a unit complete with pestle and balls, which can be removed and dis¬ 
mantled for cleaning. For test, a load (standard) of 64 lb is applied. The pestle is rotated 
at 20 rev/min for exactly 60 revolutions, the machine stops automaticaUy for examina¬ 
tion of the contents. 

1885. Swing Hammer Pulverizers. Equipment in the Vanderbijl Coke Oven Plant in 
South Africa. Iron Coal Tr. Rev., 1947,155, 1048. 

1886. Coal Breaking to Size. Anon. Min. Mag., Lond., Dec. 1946, 75, 360-1. The 
history and development of coal breakers are briefly reviewed and details are given of a 
British machine embodying two groups of picks and a reciprocating conveyor. 

1887. Coal Crushing Equipment. Installation and Application. Anderson, J. W. L. 
Iron Coal Tr. Rev., 1938,136,405-7, Description of breakers and systems for crushing 
coal. Illustrations of hammer crushers (knives or hammers fitted to heads revolving 
against breaker plates). 

1888. A Microscope Study of Pulverized Coal. Andrews, L. V. Mech. Engng, N.Y., 
1925, 47, 429. 

1889. Increase of Surface and Expenditure of Work in Crashing and Milling of Solid 
Fuels. Anselm, W. Zement-Kalk-Gips., 1953, 6, 15-22. 

1890. The Grindability of Coals Mined in the United States, Canada, and other 
Countries. Babcock & Wilcox Co. Brochure, 1936. 

1891. Improvements in Controllers for Maintaining Proportionality or Substantial 
Proporti(niality between the Variations of a Pair of Variables. Babcock & Wilcox, Ltd. 
Brit. Fat. 717363, 1952/54. An electronic arrangement is shown for maintaining a 
constant relation or a desired relation between, say, quantity of coal leaving a pulverizer 
and the quantity of gas passing through. The pressure differential is the measure of the 
quantities, 

1892. A Method of Rating flie Grindability of Coal. Baltzer, C. E. and Hudson, 
H. P. Can. Min. Br., Rep., No. 737-1,1933. See under Grindabihty. 

1893. The Plastic Deformation of Fine Particles of Coal and Other Materials. 
Bangham, D. H. andBERKOwrrz, N. Coal Research, Dec. 1945,139-50 (Coal Research 
is issued by the British Coal Utilization Research Association). See under Mechanism 
of Fracture. 

1894. Breakage of Lump Coal. Bannister, H. and Whelan, P. F. Colliery Engng, 
Mar. 1955, 32, 117-9. Breakage tests are described which show a reduction in size 
degradation of lump coal when dropped into a shallow pool of water. 

1895. Friability of Coal. Bassett, H. N. Engng Boil. Ho. Rev., 1937, 50, 888-90. 
Tests on friability by the Canadian Dept, of Mines and the applications to coals of 
various friabilities are discussed. 

1896. Explosions in Coal Pulverizing Mills. Bechdoldt, H. Mitteilimgen Vereinigung 
Gross-kesselbesitzeri July 1954,29,172-4; Fuel Abstr., Nov. 1954,4306. 

1897. Broken Coal. Bennett, J. G. /. Inst. Fuel, 1936-7,10, 22-39. The importance 
of a study of coal size is pointed out, and methods for an exact study are described. 
Considerable experimental evidence is put forward to confirm the applicability of the 
Rosin-Rammler function as the simplest one to represent the distribution of sizes 
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below about 3 in. The law is valid for various types of product, e.g. washed slacks and 
products of hammer crushers, and the range of validity to the whole colliery output is 
discussed. By applying the formula to all collieries, it is possible to determine the sizing 
of the total input of coal in any district. In an appendix, the theoretical basis of the 
R and R law is discussed, and given a theoretical foundation based on a study of the 
fracture of a brittle material, breaking at pre-existing cracks, and on Poisson’s law of 
small numbers. The significance of the Rosin numbers n and x is pointed out, the 
method of graphical treatment of sieving results using the R.R. function is described. 
Between the extreme cases of a Gaussian distribution, n being high, and the Rosin 
distribution, there is the sizing of graded coals, and it will be of great interest to find a 
law intermediate between the two distributions, which would serve to define the size 
characteristics of graded coal. 24 graphs, 7 tables, 88 refs. 

1898. The Preparation and Firing of Powdered Fuel at Colliery Maurits of the State 
Mines, Limburg, Holland. Berckel, F. W. von. Pulverized Fuel Conference, 1947, 
528-35. Institute of Fuel. 2 gns. Includes the steel and power consumption of the FuUer- 
Lehigh ball mills (pusher type) with cyclone separation, for coal pulverization. (These 
nulls are now obsolete.) [P] 

1899. Investi^tion of Procedure fw Determining Coal Grindability by the Ball Mill 
Metiiod. Black, C. G. Trans. Amer, Inst, min, {metalL) Engrs, 1936, 119, 330. The 
details of sampling preparation and of testing procedure are discussed. The errors in 
shortening the test are pointed out, and suggestions are made for interpreting the 
results. 

1900. The Cmnpressive StrengA of Coal. Bode, H. Gluckauf, 1933,69,296. Concerns 
chiefly the petrological distribution of the constituents of the different size fractions. 
The compressive strength of hi^-durain coals is greater than for hi^-vitrain coals. 

1901. Standard Grindability Tests Tabulated. Bond, F. C. Trans, Amer, Inst, min. 
{metalL), Engrs.^ 1949, 183, 313. 

1902. A Two Stage Phenomeium in the Breakage of Coal. Bond, R. L. Fuel, Land,, 
April, 1954, 33, 250. See under Medranism of Fracture. 

1903. Similarities in the Screen Analysis of Small Coals. Boswell, I. and Brown, 
R. L, Colliery Engng, Jan./Feb. 1949, 26, 18, 58. Laboratory tests show that repeated 
breakage (mild or medium intensity) yields a product which tends towards a ratio 
characteristic of natural smalls. The latter are characterized by a stable size distribution. 

1904. Properties of Coal Surfaces. Brady, G. A. and Gauger, A. W. Industr. 
Engng Chem, {Industry 1940,32,1599-1604. The importance of the wetting properties 
of coal surfaces, and topics relating to this are discussed. Quantitative expression in 
terms of angle of contact, for gas and liquid, is put forward. 

1905. The Graphic Representation of Size D^tribution. Braukmann, B. TonindustrZtgy 
July 1954, 78 (13/14), 213. Verem Deutsche Ingenieur Conference, Staubtechnik, Bad 
Kissingen, 1954. See under Fundamental Aspects (Size Distribution). 

1906. Pulverizer Apparatus. British Thomson-Houston Co., Ltd. Brit, Pat, 645146, 
1950; Chem, Abstr., 1951, 1557. Pulverizing by metallic particles thrown against coal 
from rotatii^ impeller at high velocities, or by compressed-air firing of coal and metallic 
particles at an anvil. Centrifugal or magnetic separation. 

1907. Coal Breakage Processes. 1. A new Analysis of Coal Breakage Processes, 
n. A Matrix R^aesentatimi of Breakage. Broadbent, S. R., Callcott, T. G. J, Inst. 
Fuel,, 1956, 29 (191). Previous approaches to the analysis of coal breakage processes 
are briefly discussed and the concepts underlying a new method of analysis are pre¬ 
sented. This is a matrix method and its application to broken coal is described. In the 
analys^ of coal breakage, size distributions are described by vectors. Processes which 
alter size distributions such as breakage and size classification are represented by 
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matrices multiplying the vectors. Complex processes may be analysed by simple 
mathematical procedures when matrices are used. A particular form of breakage in 
which the particles of every size have an equal probability of being selected for breaka^ 
are discussed in detail. Information is supplied which is essential for the computations 
made in subsequent papers. The concept of selection and breakage fimctions is 
developed, 13 refs. 

1908. Coal Breakage Processes. HL Broadbeot, S. R., Callcott, T. G., Scott, W. 
/. Inst. Fuel, Jan. 1957, 30 (192), 13-17. In the coal transport system investigated, 
undesirable breakage has been occurring. The extent of breakage at diJGferent points in 
the system were found by matrix analysis, although by shatter test the strength of the 
coal remaiaed unimpaired throughout the system. Remedies were suggested. 

1909. Unit Operations. Brown, G. G. and Associates. 1950, J. Wiley & Sons, New 
York, Chapman & Hall, London. On p. 31 is an illustration of a Bradford breaker. 
Coal is broken by tumbling inside a cylinder, whose periphery is a screen, and provided 
with lifters. Ungroimd material passes out at the end of the cylinder. 

1910. The Relative Grindability of Coal. The S.C./U.A.L. Grindability Test. Brown, 
J., IvisoN, N. J. and Birney, J. W. Report. Pulverized Fuel Conference, Harrogate, 
1947. Institute of Fuel. 2 gns. See under Grindability. 

1911. Broken Coal, 3. Generalized Laws of Size Distribution. Brown, R. L. J. Inst, 
Fuel, 1941,14, 129. 

1912. Bibliography of Literature on the Breaking and Sizing of CoaL Brown, R. L. 
and Hawksley, P. G. W. Brit. Coal Util, Res. Ass,, Document C/3103, 1944. About 
300 references relating mostly to fundamentals and to breakage of large coal. 

1913. The Size and Strength of Coal. Brown, R. L. Trans. Instn Min, Engrs, Lond., 
1944, 103 (3), 88. The relation with pre-existing cracks is discussed with reference to 
methods of breaking coal. Analysis of screen data by means of non-dimensional 
ratios is proposed. 

1914. The Brittle Fracture of Precracked Solids. Brown, R. L. Research, Land., 

1947, 1, 93. A theoretical consideration of the fracture of pre-cracked solids is shown 
to suggest a relation between shatter strength of equal-sized lumps and the sieve analysis 
of the consignment from which the lumps are taken. Experimental evidence obtained 
with a friable coking coal is given in support. 

1915. The Screen Analysis of Washed Small Coals. Brown, R. L, Colliery Engng, 

1948, 25,420. The only difference between washed and natural coals is the removal of 
the finer sizes. 

1916. The Fracture of Solids, m. Random fracture of solids and natural frequency 
distributions. Brown, R. L. Metallurgia, Manchr, 1949, 39, 111. The fracture of coal 
is discussed in relation to size distribution of fragmented pieces. When size distribution 
of broken coal deviates from natural distribution further rough handling of a consign¬ 
ment promotes natural size distribution. In the case of coal, strength measurements are 
made by a shatter test and the strength is calculated from the resulting degradation. 

1917. International Conference on Coal Preparation, Paris, June 1950. A Review of 
Conference Pai>ers. Brown, R. L. Mon. Bull. Br. Coal Util. Res. Ass., 1950, 14 (7), 
255-65. About 60 papers are included in the review. The author presents the main 
features in the breakage of coal. The papers are published in Rev. Industr. Min., 
1950-51,31,1-900. The conference was sponsored by the Centre d’Etudes et Recherches 
des Charbonnages de France, Paris. 

1918. A Description of the Breaking of Coal. Brown, R. L. Rev, Industr. min., 
1950-51,31, 615-30; International Conference on Coal Preparation, June 1950, Paris. 
Coal varies widely in breaking strength even in one consignment. Size analysis studies 
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of fragmented material show that repeated handling leads towards a stable size 
distribution. When breakage is determined by microstructure, a relationship with 
rank of coal emerges. Su^estions are made for overcoming difficulties in the study of 
the effect of cracks and flaws. Measures to exj^dite application to practice of present 
fundamental knowledge of coal breaking are discussed. It is pointed out that in a coal¬ 
breaking machine, two modes of breakage may occur, and that these may not depend 
in the same way on the rank of coal. 22 refs. 

1919. Physics of CoaL Problems of Breakage and Structure. Brown, R. L. Times 
Science Review, Winter, 1953, pp. 13-14. After a general introduction, the report, 
considers the subject under the following headings: (I) size grading; (2) size distribu¬ 
tion; (3) coal structure; (4) descriptive model of a precracked solid; (5) controlled 
breakage; (6) energy considerations; (7) simple crushing; (8) complex crushing; 
(9) dynamic testing; (10) mill mechanisms. 

1920. ScHne Experiences of Pulverizing CoaL Brown, R. L. and Hurley, T. F, 
Fifth World Power Conference, Vienna, 1956, Sect. C, Paper 116 C/8. Obtainable from 
World Power Conference, Trafalgar Square, London. The paper deals with the labora¬ 
tory experiments and full-scale trials with the ring ball mill (‘E’ mill). It is found that 
the performance coefficient is a function of the Hardgrove index of the coaL Hence this 
test can be regarded as one of the main criteria to be used in assessing the value of a 
particular coal for pulverizing in a type E mill. The limitations imposed are described, 
but there is a strong indication that experiments of a similar nature on other mills 
may be of help in attaining the ultimate objective of deciding the allocation of coals for 
pulverizing. [P] 

1921. The Designation of the Fineness of Pulverized Brown Coal. Bull, F. A. /. 
Inst, Fuel, 1955,28 (4), 163-70. A satisfactory means is sought for specifying the fineness 
of samples of brown coal prepared for briquetting. The use of the specific surface is 
proposed for this purpose and a rational formula is derived for calculating the extent 
of this surface from the sieving analysis. The experimental and theoretical difficulties 
involved in applying this method are discussed and alternative means sought which 
might be more satisfactory for characterizing the size degradation of the coal. The size 
distributions of some of the samples are shown to follow the Rosin-Ranomler law 
reasonably well, but there are practical and mathematical linoitations to the use of this 
equation for the purpose of estimating the specific surface. It is concluded that a 
precise and accurate estimate of this property of a comminuted system cannot be 
obtained from the screening analysis by mathematical methods when a proportion of 
the particles lies below the sieving range. Furthermore, it is pointed out that the size 
distribution of a particulate material cannot be completely specified by means of a 
single parameter: at least two are required and even these are inadequate unless the 
distribution closely fits a known mathematical law. Nevertheless, the formula described 
herein may be useful for estimating the specific surface of coarse aggregates coming 
entirely within the sieving range. The proposed specific-surface parameter is easily 
calculated and can be obtained whether or not the size distribution follows a known 
ma^matical law. For the above reasons the specific surface has not been used to 
designate the fineness of the pulverized samples of brown coal. Nevertheless, it is 
often an important property in a comminuted system. The specific-surface parameter 
proposed by the author has been explained because it may be of use when handling 
c^hed or broken substances which do not contain any particles finer t h a n the finest 
sieve. Apart from this restriction the proposed parameter can be applied to practically 
any sort of size distribution; its other chief advantage is that it is very easily calculated 
from the sieving analysis if a suitable series of screens has been chosen. 11 refs. 

1922. Coal Grindability. A S t a nd a r d Procedure and a Survey of Grindabilities of 
British Coals. Calcott, J. C. /. Inst, Fuel, May 1956, 29 (184), 207-17. The standard 
procedure used by the British Coal Utilization Research Association for deteimining 
the grindability of British coals with the Hardgrove machine is described in detail. 
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The index is expressed by the percentage of ground product that passes a 200 B.S. sieve. 
It may range from 2% to 30%. Strict adherence to the procedure maintains the standard 
error of a determination at about 0 *2. A survey of the grindabiiity of British coals 
has been made and it is concluded that the index is a first order measure of the strength 
of coal. Examination of the size, distributions of the ground material for 31 coals 
showed that a single parameter, a distribution coeflScient, is sufficient to define the 
percentage of the particles smaller than any size between 76 and 300 microns. The 
accumulative distributions are assembled in a graph and the detailed data for the coals 
tested and tabulated. 6 refs. 

1923. Coal Grindabflity. Some Problems of Sample Preparaticm fm: Grindabfiity 
Tests, Calcott, T. G. Inform. Circ. Brit. Coal Util. Res. Ass., 147, Dec. 1955. The 
paper shows that the grindabiiity index of a coal, as given by the Hardgrove test, varies 
with the method of preparation even within the limits of the test specification of the 
test sample. Experiments show the influence of the method of preparation on the size 
grading and ‘strength’ of the sample and indicate the relative importance of these 
factors upon the measured grindabiiity. The accuracy of the test in assessing industrial 
pulverizer performance is discussed, 

1924. Coal Preparation in Europe and Latin America. Cheradame, R. Colliery 
Engng, Mar. 1955, 32, 107-9; Fuel Abstr., June 1955, 5059. Preparation of Latin 
American coals with special reference to European practice is discussed. 

1925. A Continuously Operating Laboratory Coal Pulverizer that Measures Net 
Power. CoE, G. D., Delano, P. H. and Coghill, W. H. Contr. Amer. Inst. Min. Engrs, 
No. 127, 1942. This operates on | in. or less feed in closed circuit with air separator. 
The construction enables the energy expended on the coal to be measured. Pulverization 
is by heavy roller. 

1926. Preparation Characteristics of Anthracite in Sooth Korea. Crentz, W. L. 
R£p. Irwest. U.S. Bur. Min., No. 5010, Dec. 1953, (17 pp.); Fuel Abstr., July 1954,176. 

1927. The Tube Mill in Power Stations. Dobreff, I., et al. Energietechnik, Jan. 1954, 
4, 37-40; Fuel Abstr., July 1954, 178. Comparison of Russian and German data. See 
No. 1008. 

1928. Coal Preparation Progress in 1952. Dorenfeu>, A. C. Min. Congr. /., Wash., 
Feb. 1953, 39, 109-10; Fuel Abstr., Aug. 1954, 1392. 

1929. The Ultra Fine Physical Structure of Fine Bituminous Coals. Dryden, I. G. C. 
Mon. Bull. Brit. Ceal Util. Res. Ass., 1951, 15 (9), 329-39. 39 refs. 

1930. Crushing Machines for Coke and Coal Samples, Ehrmann, K. and Sporbeck, 
H. Gluckauf, 12 Feb. 1955, 91 (7/8), 187-93. Review, critical examination and 
comparison of crushing machines re abrasion resistance, time of crushing, power 
requirements, freedom from dusts, cleaning, noise, safety, design and efficiency. 19 
illustrations. [P] 

1931. New Crushers for PulvOTzation of CoaL Finn, W. Erdol u. Kohle, 1951, 4, 
630-33. The first is a jaw crusher with very strong springs to guard against overload. 
The second is an impeller crusher where the size of the product is governed by the 
speed at which the particles are thrown against the housing, 

1932. The Gases Locked up in Coal. Fischer, F„ et al. BrennstChemie, 1932, 13, 
209-16; Fuel, Lond., 1933,12, 154 . Grinding coal to less than 1*0 micron in centrifugal 
ball mill. See under Vacuum Ball Mill. 

1933. The Friability of Coal. Fish, B. G. Colliery Engng, 1951, 28, 317, 371, 413. A 
comprehensive review. 

1934. Pulverized Fuel Technique. Futon, A. Inst. Petrol Rev., Jan. 1949, 3, 18—26. 
A general review of present techniques in milling, burning and ash removal. Types of 
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mills are discussed and illustrated diagrammatically, e.g. slow-speed (ball) mills at 
25-60 rev/min, medium-speed (ring roll and ring ball mills at 100-350 rev/min always 
with air sweeping), and high-speed mills (pin mills, hammer, beater and other impact 
mills) at 1000-4000 rev/min. The latter have large time and maintenance costs. 
The last class described is the pneumatic impact mill, which includes the “explosive’* 
method. The excessive wear of impact plates has been countered by impinging jets of 
airborne coal, A normal size feed is in. 

1935. Ihe Grindability of Britii^ Coals—A Laboratory Examination. Fitton, A., 
Hughes, T. H., Hurley, T. F. J. Inst. Fuel, Feb. 1957, 30 (193), 54-65, Grindability 
tests were carried out with a Hardgrove machine and a ball mill, to determine to what 
extent the properties of British coals affect the ease of grinding. Good correlation was 
obtained between the indices derived from the two machines. Only a broad relationship 
was found between the grindability index and the properties of the coal substance, 
but a closer relationship between grindability and volatile matter, carbon and hydrogen, 
when coking power was taken into account. Grindability indices did not dififer for 
coals exceeding 2^% in moisture content, and were not necessarily improved by 
cleaning the coal. Part of the power lost by not removing the fines was offset by increase 
in specific surface. The properties of 47 coals are tabulated in relation to their grind¬ 
ability indices by each method. 6 refs. 

1936. Mill Drying of CoaL Fitze, M. E. Trans. Amer. Soc. mech. Engrs, May 1941, 
63, 273-6. Mill drying by means of flue gases is shown to result in improved furnace 
efficiency, less deposit, reduced capital outlay and costs and the practical elimination of 
fire and explosion hazards. 


1937. The Curved Screen of the Dutch State Mines. Fonteyn, F. J. IngenieuFs Grau.^ 
3 Feb, 1956, 68 (5), 1-5; Gluckauf, 2 July 1955, 91, 781-6. A new machine for wet 
screening of fine coal. See under Sieving. 

1938. Pulvmzaticm Utilizes Anthracite Fines. Frick, C. H. Tech. Publ. Amer. Inst. 
Min. Engrs, No. 2061,1946. After discussing practice at Hants Station (Pennsylvania) 
and elsewhere, the author shows that the horizontal mill is more reliable and less costly 
than a vertical mill. The capacity decreases considerably with increasing moisture 
content. 8 pp. 


1939. Pulverizer Performance as Affected by Grindability and other Factors. Frisch, 
M. and Foster, A. C. Frac. Amer. Soc. Test. Mater., July, 1937, 441-6. Pulverizers, 
alffiough of the same type, but of different sizes, do not rank coals alike. Laboratory 
grindability ratings are useful, and may be used to predict the performance of a 
pulverizer on a coal of known grmdability without a test, but only if the relationship 
for the pulverizer has been previously determined by test and the effects of various 
modifying factors have been taken into account. A large number of coals tested by the 
F.W. n^thod can now be correlated with grindabilities obtained by other methods. 
A table of co^esponding grindabilities between the F.W. method and the Tentative 
is given. (The F.W. method is the simplified Hardgrove method, 1931. 
M. Fi^ ^d a C Holder. Combustion, N. Y., 1933,4 (12) (June), 29; 5 (1) (July), 34.) 
Criticized by Calcott. The latter papers give a full appreciation of the results. [P] 


1940. Medm Rep<nt on Pulverizer Tests. Fuel Research Board, D.S.I.R.— 
Utilization Research Association Joint Committee. J. Inst. Fuel, 

P- ^^55, H.M. Stationery 
The Committee was set up in 1945 to consider available data on the relation 
^tween pulverizer performance and the type of coal used. A second object was to 
determine whet^r the grindability index of a coal could be correlated with behaviour 
in a coinn^rcim mffi. Information on these questions might lead to the most suitable 
lo he used for the type of coal predominant in a district, and to 
avoid the use of the wrong type of pulverizer. A Babcock and Wilcox E-type mill 
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(ball and ring mill) with up-draught and classifier was used. Results show strong 
correlation between three variables—mill power, output rate and fineness of product— 
for each coal. A general relation between performance and grindability index is 
apparent. Further tests are needed and will be made. The Hardgrove and ball mill 
grindability indices were used. Results are presented in tabular and graphical form. 
[P] 

1941. Coal Crushing in Coke Oven Plants. Gauze, H. Hutnik {Poland), 1953, 20, 
285-88; Fuel Abstr., July 1954, 177. A critical survey of the crushing equipment in 
Polish coke oven plants; the re-equipment necessary for the production of high-quality 
coke is discussed. Foreign equipment often failed to give satisfactory grinding with the 
harder Polish coal. 

1942. Grinding Plant Research, Parts 1-9. Gilbert, W. Rock Prod., 1931-2, 34, 35. 
Several parts deal with coal grinding. See under No. 1092. [P] 

1943. Coal Friability Tests. A comparative study of methods for dete rmining tte 
fniability of coal and suggestions for tumbler and drop shatter test methods. Gilmore, 

R. E., Nicholls, J- H. H. and Connell, G. P. Canad. Min. Br. Rep., No. 762, 1935. 
Seven testing apparatuses are discussed. Appendices describe the proposed A.S.T.M. 
tumbler and drop shatter tests for coal. 

1944. Grindability Indices of Typical Canadian and other Coals and file Relation of 
GrindabOity to Friability. Gilmore, R. E. and Nicolls, J. H. H. Can. Min. Br. Memo. 
Series, No. 70, May 1939. An account of experiments by the Hardgrove machine 
method. List of results of 230 fuels, mostly Canadian coals, but a few American and 
Welsh anthracites. Anthracites and lignites are most dfficult to grind. No definite 
relationship was found between grindability and friability characteristics. 

1945. Testing the Mechanical Properties of Coke. Gobinsky, J. O. and Badanova, 

S. I. Fuel, 1937,16, 85. Tables of crushing-test results are presented, the method being 
based on calculation of sp. surface, length, width and thickness, projected areas and 
derived expressions. 

1946. Present Day Coal Preparation in Western Germany. Gotte, A. Z. Ver. dtsch. 
Ing., 21 Sept. 1954, 96, 917-23; 1 Feb. 1955, 97, 97-104. 

1947. Factors in Coal Selection, Pulv^izing Quality and Fuel Value. Gould, G. B. 
Power, 1930, 72, 886-9. Various coals were tested; the effect of overloading on the 
fineness varied with different coals, so that two values of the grindability index ‘over¬ 
load’ and ‘under load’ are used. The paper combines the grindability index (method 
not described), the cost of coal and thermal value, in order to determine the best coal 
from economic considerations. 

1948. Report of the Coal Preparation Investigations by B.C.U.R.A. Grounds, A. 
Quart. Bull. Br. Coal Util. Res. Ass., No. 10,1946, 7-9. 

1949. Coal Preparation, 1950-1954. Progress Review. Grounds, A. J. Inst. Fuel, 
July 1954, 27, 373-7; Fuel Abstr., Nov. 1954,4301. 

1950. Limits of Grindability of Coal in Ball Vilmatimi Mills. Grunder, W. and 
Stuckmann, H. Bergbau, 1940, 53, 107-12; Feuerungstechnik, 1940, 28, 267- Good 
results were obtained at 70% ball load and 70% of the spaces occupied by coal. 
12- or 15-mm balls. Further grinding after 24 hours produced coarsening. 

1951. The Random Breakage of Coal and its Assessment. Guruswamy, S. /. set 
industr. Res., 1952, 11 (11), 482-5. A method of assessing the breakage of coal is 
described, based on comparing the ‘toughness factor’ evaluated from sieve analysis 
of the broken product. A shatter-test apparatus is used. The toughness factor can be 
used in assessing the breakage imder different conditions and of different coals. It is 
defined as the average size expressed as a percentage of the initial size of that part of 
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the product containing all the fines and weighing 1% of the total broken product. 
Data from various coals are presented in 5 tables. 6 refs. 

1952. Size and Shape of Broken CoaL 5. Rate of Settling of Coal Particles in Liquid. 
Guruswamy, S. and Roy, L. C. J, scL industr. Res,, 1953, 12B (6), 270-4. 

1953. Shape of Coal Particles. Guruswamy, S. and Srinivasan, S. R. /. scL industr. 
Res., 1954, 13B (5), 368-9; Fuel Abstr,, Dec. 1954, 6278. The shape of coal particles 
under different conditions of breakage was calculated from volume surface area and 
statistical diameter of the particles. The results presented show that it is possible to 
give as an approximation a rectangular prism shape for the particle. The deviation 
from this shape is measured from the deviation in the value of the ratio of the calculated 
and observed surface area factors from unity. For the coal particles studied, this value 
lies between 0*60 and 0*98, the lower the value of the ratio, the more angular is the 
surface. In general, coal particles produced by fracture are more angular, thicker and 
more elongated than those obtained by crushing. The specific surface of coal particles 
estimated on the basis of rectangular prism shape will be less than the true value, 
dependiag on the nature of the breakage that the coal has undergone. For the most 
angular particles of coal investigated, the deviation from the true surface area was 
about 40%. 

1954. The Mill Unit as a Hi^ Duty Drier. Handscombe, F. L. and Moyer, J. 
Proceedings Pulverized Fuel Conference, Harrogate, 1947, 747-67. Institute of Fuel. 
2 gns. Traces the growth of combined milling and drying, outlines the theory of drying 
with heat balance calculations, and discusses the applications to coal drying. Graphical 
representation of performance where grinding capacity exceeds drying capacity and 
vice versa. Features of design necessary to avoid operating troubles. [P] 

1955. Grindability of Coal. Hardgrove, R. M. Trans. Amer. Soc. meek. Engrs 
{Fuels, Steam, Power), 1932, 54, 37-46. Tlie need is pointed out for a method of 
determining the grindability of coal, and outlines a method by which new surface 
produced is measured in accordance with Rittinger’s law. Drop-weight and ball- 
machine methods are described and test data are compared. A list of over 100 U.S. 
and Camdian coals is presented showing their grindabilities. The relation between the 
gmdability of petroleum coke and its method of manufacture and volatile content is 
discussed. The Babcock ball mill runs at 20 rev/min and 50 g of coal are ground for 
60 revolutions. 

1956. Size and Prepare Coal at the Mine. Hartshorn, S. D. Industr. Pwr, Lord., 
July 1948, 55, 95-6. 

1957. Mechanics of Present Pulyerizing Practice. Hawksley, P. G. W. Proceedings 
Mveriz^ Fuel Conference, Harrogate, 1947, 656-87. Institute of Fuel. 2 gns. The 
information is collected from answers to questionnaires sent out to the electrical and 
cement industries, the greatest users of pulverized fuel, as to plant layout, operating 
conditions and abnormal occurrences. Performance data of millg in various districts 
are tabukted, and analysis is made of the power consumption as distributed between 
fan, drying, grinding and feeding. The U.S. Ball Mill Grindability Index is discussed 
m relation to practice. An approximate calculation of the drying capacity of pulverizers 
is given in a short appendix. On the basis of data provided by results to questionnaires 
to the cement industry and the British Electricity Authority, it appears that the power 
consumption per unit output is related to the transport of material through the system 
rather than to the energy required to effect the size reduction process*, the latter is only 
a small fraction of that involved in the whole unit process of pulverizing. It is clear 
d^foie that t^ pulverizing process is not so critically balanced as to be affected by 
differences (whidi may themselves be large) in the very small energies required to 
dismtegrate the different coals. 22 refs. [P] 

1958. Ihe Grmdaialhy of Britirii Bri^t Coals—^Hardgrove Tests. Hawksley, 
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P. G. W. Inform. Circ. Brit. Coal Util. Res. Ass., No. 36, Dec. 1950. It is suggested 
that hardness measures an inherent property and is affected by moisture. No informa¬ 
tion on industrial suitability. The effects of physical and chemical properties are 
considered in detail. 

1959. Colloidal Fuel. Hedrick, 1941,172(21), 361-2. Describes 

characteristics of coal-oil mixtures and the mechanism, with performance data, of 
grinding coal in a ball mill. Much work needs to be done still on mixing and atomizing. 
DP] 

1960. Preparation of Clay Ccmtainii^ Coal. Hentzschel, W. Bergbau, Forschungsheft 
Series A, 1954 (22), 27-44; Chem. Abstr., 1954, 48, 11027. 

1961. Friability, Grindability, Chemical Analysis and High and Low Temperature 
Carbonization Assays of Alabama Coals. Hertzog, E. S., Cudworth, J. R., Selvig, 
W. A. and Ode, W. H. Tech. Pap. Bur. Min., Wash., No. 611, 1940. In the ball mhl 
grindability tests, there is no replenishment between stages of grinding. 

1962. Characteristics of Pulverized Fuels. Heywood, H. J. Inst. Fuel., 1933, 6, 241. 
The properties of samples of pulverized coal produced by various means are discussed: 
Fineness characteristic curve, shape of particles, distribution of ash, petrological 
constituents. The general conclusion is that the intensity of air-sweeping controls the 
characteristics of the product to a greater extent than the type of mill, but that the 
characteristics of pulverized coals produced by mills in common use do not differ to 
any practical extent. [P] 

1963. The Resistance to Grinding of Coals. Heywood, H. J. Inst. Fuel., 1935, 9, 94. 
Eight coals covering a wide range of resistance to grinding and also shale pyrites and 
calcite were subjected to the following tests. (1) Attrition in a laboratory mill. (2) Crush¬ 
ing tests on cubes. (3) Impact tests on irregular pieces. (4) Crushing between rolls. 
(5) Scratch hardness test. (6) Resistance to abrasion. (7) Hardgrove grindability test. 
(8) U.S. Bureau of Mines ball mill test. Results showed that cubes required least energy 
per square foot of area produced, the efladencies of impact and crushing roll tests 
were the same as that of compression test when the energy supplied was just sufficient 
to shatter the particles. EflSiciency diminished when more energy was used. The resistance 
to grinding should be measured in such a manner that the fceness of the laboratory 
product is approximately the same as the fmeness of the industrial product. 

1964. Review of the Literature on the Grinding of Coal. To 1937. Heywood, H. 
Combustion Appliance Makers Association Document, No. 1657, 18 Feb. 1938.122 refs, 
are annotated and classified. Prefaces to the 5 main sections. A large proportion is 
reproduced in the present bibliography. The C.A.M.A. has been superseded by the 
British Coal Utilization Research Association. 

1965. Crushers Cinch Fuel Sizing. Hicks, T. Power, 1951, 95, 73-5. 

1966. Lurgi Mahltrochnungs Process (Pulvo-Dryii^). Hoffman, H. D. Naval 
Technical Mission in Europe, 1947. O.T.S., U.S. Dept. Commerce. PB. 22497, 72 pp. 
A process developed jointly by Krupps and the Lurgi Gesellsdiaft fur Warme-Technik, 
for drying and disintegrating in suspension, of a high water-content coal of the lignite 
type. Full details are given, supported by illustrations. The process has some real 
merit, but appears somewhat complicated. 

1967. Crashing Coal for the Power Plant. Hudson, W. G. Power Plant (Engng), 1947, 
51, 73-5. 

1968. The Characteristics of Pulverized Coal. The Effect of Type of Mill and Kind of 
CoaL Hurley, T. F., Cooke, R. and FmoN, A. Tech. Pap. Fuel Res., Lond., No. 49, 
1947. German coals were examined for fineness and structure as influenced by the 
method of grinding and nature of coal, Rosin and Rammler, Zement, 16, 1927. Similar 
information is now presented for English coals. The data are presented in tabular and 



320 CRUSHING AND GRINDING 

graphical form, the product from six types of mill are illustrated, and conclusions are 
presented. 38 pp. [P] 

1969. Course and Control of Operations for Crushing Coal. Jacobi, E. U.S. Dept. 
Commerce, O.T.S., PB. 73712,1940. Obtainable in microfilm or photostat form from: 
Lending Library Unit, D.S.I.R. Ref, F.I.A.T. Microfilm Reel I, No. 274, Frames 
5339-62. Consideration of the behaviour of various crusher constructions. See also 
No. 752. 

1970. New Information on tiie Influence of the Grinding and Mixing Plants used for 
Coking Coals <m the Properties of the Coke. Jenkner, A. GlUckauf, 1952, 88, 363. 

1971. Functional and Constructicmal Characteristics of Coal Pulverizers. Jolly, M., 
et aL Mem, Soc, beige Ing,, 1945, B. 245-6, 

1972. Preparation of Solid Fuels.—Coal. Jones, W. Idris. Trans, 4th World Power 
Conference^ London^ 1950, 2, 351-7, 

1973. Research in the Coal Industry. Jones, W. Idris. J,R, Soc, Arts, 4 Mar. 1955, 
53 (494^, 234-53, Cadman Memorial Lecture. Laboratory experiments with reference 
to underground cutting. A sharp edge-cutter is better. Impact wastes a lot of energy 
until the coal breaks, but impact uses much less energy than shear. In drilling rock with 
a fluted drill, at low pressure it goes in only about 1/1000 in. per revolution, but at 
hi^er pressures, up to 600 Ib/sq. in., the tungsten-carbide tipped drill goes in at 
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1974. Further Developments in Beater Mills. Jutte, K. Brennst,-Warmekr,, 1952, 
4 (8), 253-8. The increasing usefulness of beater mills for pulverized coal fixing and other 
applications is emphasized. The characteristics of construction, operation, classifica¬ 
tion, etc., are described. The improvements in energy requirements and output and other 
operational improvements over the last ten years are presented graphically. 

1975. Pulverized Fuel Firing in the Foundry. Kessels, K. von. StahUu-Eisen, Dusseh 
dorf 1951,71 (2), 53-64. Tabulated data are given on the performance of various types 
of milL [P] 

1976. Surface Area of CoaL Kini, K. A., Nandi, J. N., Iyengar, M. S. and Lahiri, 
A., Fuel, Lond,, 1956, 35 (1), 71-6. Based on a study of the adsorption of polar and 
non-polar gases by BritisJi anthracite and other phenomena, as a contribution to 
explaining the anomaly of the surface area of coal. 

1977. Refiecti(His on Coal Pulverizing Mills and Furnaces. Kneuse, H. Mitteilungen 
Vereinigung Grosskesselbesitzer, 1953 (22), 329-33. The relationship between fineness 
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primary air and by the velocity of die former. 

1978. Determination of Grindability Coefficient of Fuels. Kowalev, A. P. and 
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0-65% to 25-5% were investigated in an e^sperimental tube mill, and a Loesche pul¬ 
verizer. In the tube mill, all variables were kept constant and the residue on various 
sieves determined. In the Loesche mill, residue and power consumption were deter¬ 
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coal blending in modem carbonization practice. The increasing scarcity of good 
coking coals makes it important to crush all coals for coking finely enough for th^a 
to be mixed and blended effectively. Dispersal of the mineral matter in the coal im¬ 
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(3) fine crushing. The merits of jaw, toothed roll, gyratory and Bradford crushers are 
described. An important advantage of the Bradford crusher is that it is selective, 
enabling a reduction of ash content to be made during crushing. For intermediate 
crushing, the hammer mill, cage disintegrator and roll crusher give a product between 
10 and 30 mesh. For fine grinding, the ball, tube or rod mill, the centrifugal mill or 
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1982. Thermal Expansion of Coal. Macrae, J. C. and Ryder, C. Nature, Land., 
6 Aug, 1955, 176 (4475), 265. Describes preliminary determinations of the expansion 
of coal. The results serve to indicate anisotropy of the anthracite tester. 
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1987. ^Atritor’ Pulverizer and some Typical Applications to Furnaces. Morland, 
A. G. Proceedings Pulverized Fuel Conference, Harrogate, 1947, 212-16. Institute of 
Fuel. 2 gns. 

1988. Superfine Grinding of Coke and Ofha* Matarials. Mott, R. A. /. Soc. Ghent. 
Ind., Lond., 1950, 69 (11), 346-9. Author’s Abstract. ‘The methods for superfine 
grinding are reviewed in the li^t of recent experience at the Midland Coke Research 
Station during the grinding of coke and other materials. The wet and dry process^ 
are compared, and it is shown that wifih dry grinding the end of effective grinding is 
caused by caking of the material in the mill. Wet grinding, by avoiding ultimate caking 
enables grinding to continue to a further stage. The effect of size and t 3 ^ of ball is 
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during wet grinding are described and compared.’ See also under Superfine Grinding. 
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General Analysis. Mott, R. A. and Turner, R. W. Gas World, 1955, 47 (510), 31—7. 
In the price structure of coke, moisture has been the only factor taken into account. 
It is now proposed to extend the scheme to include ash and sulphur content and the 
14- and 4-m. shatter indices. For ‘Predsion of Coke Shatter Test’ see Gas World 
(Coking Section), 1953, 43, 34. 
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N. W. Fuel, 1935,14,222. The paper discusses a modified method of allowing for the 
shape of particles when calculating the specific surface, assuming that the coal particles 
are approximately rectangular prismatic in shape. An equation is derived, equating 
surface area to shape factor, density, mean projected diameter and the volume coeffi¬ 
cient, the latter based on Martin and Bowes formula. The calculated values were found 
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Fuel Abstr., Oct. 1954, 3392. [P] 
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G. Mitteilungen Vereinigung Grosskesselbesitzer, April, 1954 (28), 92-102. Results 
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289-94. The mathematical relationship between the controlling factors is investigated 
with a view to predicting operational power requirements. Power requirements for 
idle and operational motion are evaluated, and tabulated for various types of milL 
The relationships are summarized by Heywood in Combustion Appliance Makers’' 
Association Document, No. 1657, 1938, p. 71. 

2005. Power Consumption of Coal Pulverizers. 1. Rosin, P. and Rammler, E. Ber. 
Reichskohlenrates, No. 3; Arch, Wdrmew,, 1926,7,54, 81. An extension of the previous 
work on the characteristics of coal pulverizers by Rosin. It concerns mathematical 
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ability and energy at a constant fineness and output; and (3) fineness and energy at 
constant output and grindability. [P] 

2006. Power Consumption of Coal Pulvaizers. IIL Rosin, P. and Rammler, E, 
Ber. Reichskohlenrates, No. 12; Arch, Wdrmew, 1927, 8, 239-43. A translation may 
be consulted at D.S.I.R. Ref., Records Section, 12207. The relationship between 
power requirements, output and fineness for different conditions of operation of a 
FuUer Lehigh mill with a sieve classifier. pP] 

2007. Mill Drying. Rosin, P. and Rammler, E. Ber, Reichskohlenrates, No. 10; 
Braunkohle, 1927, 27, 261, 286. Ring roll mill performance on coal with simultaneous 
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Grinding and Nature of Coal. Rosin, P. and Rammler, E. Z. Ver, dtsch, Ing,, 1927,71, 
1; Zement, 1927, 16, 820, 840, 871, 897. A wide range of coals were ground in many 
types of mill. Sieving curves and microphotographs of particles are given for each test. 
It is concluded that fineness distribution and particle shape are independent of the 
type of mill. jP] 

2009. Suggestions for Pulverizer Experiments. Rosen, P. and Rammler, E. Ber,. 
Reichskohlenrates, No. 16; Zement, 1929,18,632; BraunkoMe, 1929,28,221. A detailed 
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published in Combustion Appliance Makers'^ Association Document, No. 1380, 1929, 
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2010. Grinding Coke. Rosin, P. and Rammler, E. Ber, Reichskohlenrates, No. 25; 
Braunkohle, 1930,29,477,497. Grindability factors for coke, spontaneous combustion 
and the tendency to explosion, required fineness of grinding and suitable nulls are 
discussed. Results of experiments with Loesche mill, sieveless tube mills, airswept miUs 
and Fuller Lehigh mills are presented. [P] 

2011. Grindability of Coal. Rosin, P. and Rammler, E. Ber, Reichskohlenrates, 
No. 25; Zement, 1931, 20, 210, 240, 317, 343, 365. Performance of several mills on 
several coals, and effects of coal characteristics, i.e. strength, ash content, moisture, 
particle size and grindability are dealt with. Grinding experiments with a sieveless 
three-chamber tube mill grinding three types of coal are described. Comparative 
experiments with five types of coal ground in a simple tube mill and a ring roll mill 
were carried out and the conditions inside the mills investigated, e.g. regarding grada¬ 
tion of sizes. [P] 

2012. The Grinding of Coal in a Ring-Ball MU. Fuel Research Board B.C.U.R.A. 
Joint Cttee. J. Inst, Fuel, 1957, 30 (19Q, 269-275. The conclusions after a two year 
investigation are discussed in thirteen paragraphs. 

2013. The Laws Governing the Fineness of Powdered Coal. Rosin, P. and Rammler, E. 
J, Inst, Fuel, 1933, 7, 29-36. The first publication in English on this subject. See under 
Size Distribution. 
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2014. Partide Size Problems of Pul?«ized Coal and their Significance in Grinding, 
Rosin, P., Rammler, E, and Sperling, K. Ber, Reichskohlenrates, No. C.52; Warme, 
1933, 56, 783. Induction of the exponential law of size-distribution from probability 
considerations and grinding experiments. Determination of size constants and condi¬ 
tions defining the distribution maximum. Application to tube mills. 

2015. The Ihfiiience of Particle Size in Processes of Fuel Technology. Rosin, P. J. 
Inst. Fuel^ 1937, 11, 26. Influence of above on ignition, conduction, flow of gases 
through beds, motion in fluids of coal particles. [P] 

2016. Power Consumption of Coal Pulverizers, n. Rosin, P. and Schulz, E. Ber. 
Reichskohlenrates, No. 9; Arch. Wdrmew., 1927, 8, 69-73, 109-15. A translation may 
be consulted at D.S.I.R. Ref., Records Section, 12199. Discusses ‘empty’ power, the 
effect of moisture content on the relationship between output and energy, the influence 
of the air classifier and the effect of fineness on the energy and output. [P] 

2017. Present Position of Brown Coal Preparation. Schlager, A. Montan. Rdsch., 
Mar. 1954, 2, 37-40; Fuel Abstr., Sept. 1954, 2464. 

2018. Samjdii^ Derices Help Check Coal Mill Perfcwnnance. Schuder, C. B. Power, 
Jan. 1954, 98, 94. Regular tests are recommended depending on mill wear. Fifteen 
items are suggested for observation and record, to include mill characteristics, coal 
moisture and other data, and fly ash data. Presents three sampling devices for sealing 
into the pulverized fuel tubes. [P] 

2019. Development of Pulverized-coal Mills. Schulte, F. Wdrme, 1939, 62, 112. 
An illustrated historical and critical survey of the recent development of the different 
types of coal-dust mills, e.g. tube or gravity mills, roUer mills of the Raymond, Fuller 
and Loesche design, beater mills and baffle-plate mills. By the introduction of hot-air 
drying of the material during milling, the use of wind sifters and the direct feeding of 
the coal dust from the mill into the burners, the mills have been adapted more and more 
to modem requirements. The beater mill has its special field of application in the 
combined mill firing system of the Kramer type. 

2020. GrindabOity of Bitominous Coals. Schultes, W. and Goecke, E. Arch. 
Wdrmew., 1932,13, 253. Effects of air sweeping, mill loading and volatile matter are 
ascertained from experiments on a range of coals. 

2021. Ihe H.S. Mill. Construction, Application, Performance. Seidl, H. Arch. 
Wdrmew., April 1942, 23, 81-5. Comparison of performance data from this hammer 
mill with that of the Kramer mill for various brown coals and hard coals. The H.S. 
mill is a development of the Kramer mill and is suitable for pulverizing and drying all 
but the hardest coals, whereas the Kramer mill was not. The comparisons show the 
superiority of the H.S. mill. [P] 

2022. Pulverization of Coal with Steam. Selezner, V. V. Energetik {Power Engineer¬ 
ing, Moscow), Mar. 1955,16, 12; Fuel Abstr., Aug. 1955, 1528. A description is given 
of apparatus used for existing hand-fired boilers giving 8-10 tons of steam per hour. 
The fuel is pulverized against a horizontal plate in a jet of superheated steam at 80- 
100 metres per second velocity. Oversize is returned before passing to the burners. 

2023. A Storiy of Adsorprion as a Method for the Detennination of the Surface of 
Pulvttized CoaL Sherman, R, A., Irion, C. E. and Rogers, E, J. Proc. Amer. Soc. 
Test. Mater., 1933, 33 (2), 729. Tests showed that adsorption of methylene blue on 
sieved fractions of various coals was not directly proportional to surface, nor was it 
the sante for different coals. The authors conclude.that this method has no value for 
grindability measurements. 

2024. CrosUng Action of Stokar Feed Screws. Shotts, R. Q. Alabama State Mines 
rapemKittal Statiwi; School of Mines University of Alabama; Contribution No. 1, 
Coal Meat, 16,20, 21 Sept. 1947. 
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2025. Experiences with U.S. Coals in Gas and Coke Production in Kiel Gas Wwks. 
SiEBEL, H. Gas- u, Wasserfach^ 1952, 93, 15-19. 

2026. Balancing (Mechanical) of Coal Mills. Siebert, O. Mitteilmgen Vereinigung 
Crosskesselbesitzer, July 1954 (29), 150-9. 

2027. Determination of the Specific Strength of Coal. Simek, B. G,, Pulkrabek, J. 
and CouFAUK, J. Mitt. Kohlenforschinst. Frag., 1935, 2, 194, 237. Results of sand¬ 
blasting tests on small sections of coal are reported with photographs. 

2028. Modem Pulverized Fuel Steam Raising Plant. Smeaton, J. Iron Coal Tr. Reo., 
19 Dec. 1947,155, 1206-10. The development and present design of coal pulverizers 
and large pulverized fuel boilers are outlined. Mill types, etc., are described. 

2029. Friability of Different Coals. Smith, C. M. Hlinois Btgineering Experimental 
Station Report, No. 196, 1929. Lumps 2x3 in. are dropped 10 ft on to a concrete 
floor and the product sieved. The results are expressed by a degradation number 
expressed as the weight of pieces compared with the original, rather than a size 
relationship; e.g. if pieces are half the original weight, the degradation number is 50%. 
A table of results is given. See their Bull. 218, The Friability of Illinois Coals. 

2030. Pulverizer Performance. Smith, V. Elect. Rev., Lond., 1948, 143, 553-5. 
Comparison of three types of mill for grinding coal. Effects of moisture content 
beginning at 5%. Maintenance costs. Power consumption and efficiency. [P] 

2031. Notes on the Selection of Pulverizers. Smith, V. Cheap Steam, Sept. 1950,34, 
107-9. The effects on the performance of pulverized fuel of the various governing 
factors are discussed, including those of degree of fineness, grindability and quantities 
required. [P] 

2032. The Significance of the Hanunermiil in the Coal Industry. (In German.) Spies, 
H. GeoL en Mijnb., 1954, 16, 389-97. After a discussion of the theory and mode of 
action of the hammer mill, the results of extensive investigations on the breakage of 
various coals are presented in a series of tables. [P] 

2033. Method for Feeding Fuel. Stephanoff, N. N., Wheeler Manufacturing Co. 
US. Pat. 2550390, 1944. Ground fuel receives a preliminary pulverization by the 
impact of high-pressure steam jets or other gases. The suspension passes tangentially 
round a circular vessel where oversize is separated and returned to the closed pul¬ 
verizing circuit. The smaller particles pass throu^ venturi arranged in a ring around 
the axis of the vessel. The sudden pressure drop disintegrates the porous fuel while the 
unwanted mineral particles can be separated in a cyclone, leaving the fuel to be con¬ 
veyed to the burners. The preliminary pulverizer is adapted for pulverizing the size of 
pea coal, which is fed from a crusher into a large endless tube to meet steam or fluid 
jets entering at the lower part. The venturi are set in the circular wall of the upper 
part of the structure. 

2034. Grindability of Coal. Tachikawa, S. and Ikai, S. J. Fuel Soc. Japan, July/Aug. 
1950, 29,156-61; Fuel Abstr., July 1954,165. Using a ball mill pulverizer, the relations 
between various constants, conditions of pulverizing, kind of coal and degree of coali- 
fication were studied experimentally. The accuracy of Rosin and Rammler’s equation 
for the grindability of coal was determined for Japanese coals. 

2035. Coal Crushers. Taylor, E. Brit. Fat. 576326, 1944. To increase capacity 
without increasing the dimensions of the equipment, the coal is first crushed between 
a roller and a stationary member, then between the two rollers (of different sizes); the 
product is then divided and fed between the rollers and spring tensioned cnidiiag 
members. 

2036. Improvements Relating to Coal Cmi^^. Taylor, E. Brit. Pat. llAAtll, 1955. 
The crusher is designed to crush large lumps between a toothed roll and a breaker 
plate from which the smaller lumps fall down between the first roll and a second. 
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smaller roll, the resulting product then falling on to a dividing ridge to be crushed 
again between the individual rolls and nearly horizontal breaker plates. 

2037. The Fine Crushing of Coal and Coke. Taylor, J. J, Inst, Fuel^ May 1954, 27 
(160), 249-54. See under Theory Size Distribution. 

2038. The Breakage of Coke by Mechanical Means. Taylor, V. T. and Hebden, D. 
Commun, Gas Res, Bd,, No. 42, 1948.' An interim report on the study of cleavage 
and crushing. As a first step the influence of eight variables on the production of breeze 
has been investigated using a two-roll breaker. Sampling for size analysis and mechani¬ 
cal methods of size analysis are discussed in appendices. 54 pp. 

2039. Process for Disintegrating Solid Materials. Texaco Development Co., 
Eastman, D., Gaucher, L. P. and Carkeek, C. R. Brit, Rat, 683318, 1951. A slurry of 
crushed coal is passed at high pressure throu^ a heater in turbulent fliow, where the 
water is vaporized and the fine particles are dispersed in the steam. The velocity of 
the latter should be at least 60 ft/s (up to 500 ft/s) and sufficient to shatter the particles 
by collision. The mixture of fine solid and steam is passed with oxygen into a synthesis 
gas generator to form carbon monoxide and hydrogen. Venturi or baffles at the outlet 
for sudden change of pressure or velocity assist the disintegration. 

20^. Operational Experiences with Pulverizer Stokers for Raw Brown Coal. Tolle„ 
H. Energietechnik,^ April, 1954, 4, 161-8; FuelAbstr,, 1954, 9, 2753. 

2041. Effect of Grindii^ Coal on the Quality of the Coke. (In Russian.) Tsiperovich,. 

M. V. Stal, 1948, 8, 967-73. 

2042. Some Fundamental Principles Applied to the Design and Operation of a Fine 
Anthracite Plant at Coaldale Colliery. Turrall, W. T. and Cook, M. J. Min, Engng^ 

N, Y,, 5; Trans, Amer, Inst, min, (metall,) Engrs, 1953, 196, 910-21. Illustrations,, 
flowsheet, tables, bibliography. 

2043. Coal Preparation. A Mineral Engineering Problem. Turrall, W. T. Canad, 
Min, metall, BulLy Dec. 1954, 47, 822-4; Fuel Abstr,, May 1955, 4109. A review of coaB 
preparation engineering. 

2044. Skmie llKni^ts on Coal Pulverization. Vernon. P. V. Engineer^ Land,, 1928,. 
145, 176. Includes performance data for high-speed impact mill . 40 h.p. for 2 tons 
per hour, but deducting power for fan the horsepower available for pulverization, 
was 11*5 h.p./ton. [P] 

2045. The Friabilrty of South African Coal. Vogel, J. C. and Quass, F. W. J, Chem,. 
Soc. S. Afr,, 1937, 37 (8); Bull, Fuel Res. Inst, S, Afr„ No. 9,1937, 10 pp. The degrada¬ 
tion products of shatter tests on twenty-five South African coals are shown to conform 
to Rosin’s law of size distribution. The Rosin constants (absolute size constant and. 
size dis^bution constant) have been suggested for evaluation of degradation test 
results in place of percentage friability, the former as a measure of resistance to* 
breakage and the latter as a measure of dust-forming tenden^^. The advantages are^ 
indicated. The concentration of mineral matter in the various sizes of broken coal is 
discussed- 

'Bm. Coal Futvexirng and Bl^iding Plants. Wehrmann, F. Gas- u. WasserfacK 
1 Feb. 1955,96, 75-8; Fuel Abstr,, Aug. 1955, 1138. The various types of equipment 
which can be used at gas works are considered. 

2047. Coal Preparation. Some Developm^ts related to Pulverized Fuel Practice.- 
WnKiNS, E. T. Proceedings Pulverized Fuel Conference, Harrogate, 1947, 398-407.. 
Institute of Fuel. 2 gns. 

2048. Direct Pulverized Fuel Firing of Shell Type Boilers. Wilson, R. Proceedings. 
Pulverized FiksI Conference, Harrogate, 1947. Institute of Fuel. 2 gns. A 5-3% ash. 
coal gave 10% lower cost of equipment and 36% greater output/kWh than a 16*2%, 
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ash coal. Air-swept hall mills require higher power consumption than ring and 
high-speed impact pulverizers. Dependability is greater, maintenaace and 

simpler, and are efficient for coals up to 10% moisture. Capacity depends on i 1 ) grind- 
ability, (2) fineness of product, (3) moisture content of coal, (4) temperatirrresiwf air. 
(300°-350®F is suitable for moisture content of 7%.) [P] 

2049. Present Methods of Co^ Pulverization in Belgian Power Plants. Wtlwusxz, C. 
Trns. 4th World Power Conference^ London^ 1950, 2, 462-9. 

2050. A Small Laboratory Pulverizer. (For Coal.) Wright, B. M. Chemi Ind. 
iRev.), 3 Jan. 1953, 26, 8-10. See under Hammer Mills. 

2051. Comparison of Methods for Determining the Friability of Coal. YAJ^cavy, 'H. F. 
and Zane, R. E. Rep. Invest. U.S. Bur. Min., No. 3215, 1933. Tumbling aaod sBiatter 
tests are described. A coal which is susceptible to degradation by shatter or iimjJDJfect is 
not necessarily susceptible to breakage by abrasion or attrition. The drop test ssmmlates 
handling in chutes, but tumbling is better for measuring degradation in mass totaossport. 

2052. Estimation of the Grindability of Coal. Yancey, H. F., Furse, 0.', L., and 
Blackburn, R. A. Trans. Amer. Inst. min. (metall.) Engrs, 1934,108, 267. A ssLxrtimary 
with fuU details of tests is given in Combustion Appliance Makers^ Assocfatfcm aJ>ocu- 
ment. No. 1657, 1938, pp. 57-62. 

2053. Ball Mill Grindability Indexes of Some American Coals. Yancey, and 
Geer, M. R. Rep. Invest. U.S. Bur. Min., No. 3409, 1938, 9 pp. The U-S. 5S»iaiiidard 
ball mill method was used for 34 samples of coals by the N.W. Experiinent;fflI.Sttation 
of the Bureau of Mines in co-operation with the College of Mines at the QuiLwersity 
of Washington. It was found that in general, increasing fibred carbon accOTpanied 
increasing grindability, i.e. low-volatile coals are decidedly easier to grini tttei the 
high-volatile class. But anthracite and sub-bituminous coals are more ciiffi.cul<:tt(^ .grind. 
A table is presented comparing the ball mill grindability index with the e‘;(|iu'ivalent 
Hardgrove grindability index. 

2054. An Investigation of the Abrasiveness of Coal and its Associated Emi^urities. 
Yancey, H. F., Geer, M, R. and Price, J. D. Min. Engng, N. Y., 3; Trans. Imrr. Inst, 
min. {metall^ Engrs, 1951, 190, 262-8. A laboratory procedure for estkwmlfeng the 
abrasiveness of coal is developed, in which the amount of wear on the blate isjtaken 
as a measure of abrasiveness. Test results are reasonably precise. The impwjcitifes are 
more abrasive than the coal substance (up to 30 times as abrasive). Atesfe prccftciure is 
described. 

2055. Coal Atomizer. Yellott, J. I. and Singh, A. D. Pwr Plant (Engji^)i,,'1945, 
49 (12), 82-6. This method is based on the explosion principle used toT. ‘puffed’ 
cereals, except that it is a continuous method. Crushed coal is stored ia aiiopper 
under pressure and is fed by a screw into a pipe containing superheated The 
steam forces the coal along through a gradual constriction in the pipe, and tie rapid 
changes in pressure force steam into the coal and shatter it when the pressnue ^ drops 
on the other side of the nozzle. A bituminous coal, —16+30 mesh, was tnrkedl; only 
about 5% was left of this size, the peaks being at 60 mesh and —270 mesli. The bdgl^r 
the initial pressure, the more shattering occurred; steam temperature hadlitfcle effect. 
With 0*725 lb of steam per pound of coal a maximum surface is reached,, wtoLchiis not 
increased by more steam. Recycling increases the finest fraction. The coalias toed by 
the process; a lignite dropped from 37% moisture in the feed to 4%. Thesre sare no 
moving parts except the feeding screw. Bituminous coal has little wearing ei?(i*ct on the 
steel nozzle; coke, however, will wear it, and a boron carbide noz 2 de isreco3i3WC»ieiided. 
The product is caught in a cyclone, Air can be substituted for steam. 6 refs., 8 figs. Jomt 
investigation by the Institute of Gas Technology, Chicago, and the Lewomotive 
Development Committee of Bituminous Research Inc. 

2056. Mechanical Crushing of Bituminous Coal and Methods for Alla^^bg^ Dust. 
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Young, W. A. and Antorson, R. L. Mechanization, 1951,15, 163, 165,167; 1952,16, 
95, 96. Includes data on lignite. 

ENAMEL 

2057. Grinding of Enamel and Supervision of Particle Size in Enamel Slips. Anon. 
Glashutte, 1942, 72, 157,247, Abstract in /. Soc. Glass Tech,, 1948, 32, 183. 

2058. Relation of Milling Practice to Enamel Workability. Baker, R. J. and Sheldon, 
R. S, Proc, Parcel Enam, Inst.^ 1953, 15, 66-74. See under Ball Milling, and under 
Ball Media, Vemetti. 

2059. Enamel Milling. Bennett, R. W. H. Foundry Tr, J,, 3 June 1954, 96 (1970), 
639. The paper deals with the requirements of pebble mills generally, then with 
the characteristics of enamel milling and the use of rubber-lined mills. Factors promot¬ 
ing mill eflSciency, pebble size and grading, frit loading and water content. Mill linings 
of orthodox type are compared with a rubber mill produced by the author’s firm, the 
Linatex ball mill. This consists of a shell built up from rubber rings and tie rods, and 
can be mounted in the ordinary way. Data on mill speeds, diameter, charge, are pre¬ 
sented graphically and a loading table included. A very long life is expected from rubber 
mills and freedom from contamination of product. 

2060. The Mining of Porcelain Enamels. Biddulph, A. Enamelist, 1945, 22 (15), 7. 
Previous work on the theory of ball milling is briefly reviewed. Most of the grinding of 
enamels takes places by attrition rather than impact, and the angle of nip is therefore 
an important factor. Milling efficiency is affected by the pebble charge and size, the 
frit charge, water content, temperature and speed of revolution. The pebbles should 
occupy 55% by volume of the mill. The correct size is indicated in the following table: 

Mill Pebble Size 

Diameter 

1 ft 80% at 1 in.; 20% at 2 in. 

2 ft 80% at li in.; 20% at 2 in. 

3 ft 75% at \i in.; 25% at 2i in. 

4 ft 40% at li in.; 40% at 2 in. 

20% at 2i in. 

Using a steel ground-coat frit, experiments indicated that the optimum water content 
for milling was about 55%; this figure is considerably higher than a previously reported 
optimum, and noiay be due to a difference in the ‘set’ of the enamel. Experience sug¬ 
gests the following range of mill speeds for efficient working: 


Mill 

Speed 

Diameter 

(rev/min) 

1 ft 

68 

2 ft 

48 

3 ft 

37 

4 ft 

30 

5 ft 

24 

6 ft 

21 


Notes are added on mill-room layout and equipment, operational practice and testing 
methods. 

2061. Enamels. Biddulph, A. Found. Trade J., 1945, 75, 343. A review of 

published information and a description of the best conditions for grinding in the ball 
mill. Discussion. 

2^2. Miffing of Enamels. Biddulph, A. Found. Tr. J., 1946, 78, 265. A discussion 
is given on the milling of enamels including the milling theoiy, the angle of nip, pebble 
size, water content, temperatures, mill cleanliness, mill-room layout, mill equipment, 
storing of frit, milling practice, testing, dip weight, viscosity, storing and ageing, agita¬ 
tion and the utilization of dry enamel reclaim. 
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2063. Mixing, Smelting, Grinding of Enamels. Burt, F. M. Ceramic Ind., 1926, 7. 
40, 143, 254. 

2064^ Ball Milling of Glazes—^Varicms Grinding Media. Davis, H. E. Bull, Amer, 
ceram. Soc,, 1955, 32 (6), 209-10. Experiments were undertaken to determine the 
influence of the density and shape of the new hi^-density spherical and cylindrical 
grinding media on the wet milling of water-quenched frit. Two aspects were con¬ 
sidered—^the amount of original size remaining and the amount of product passing a 
100-mesh sieve. It appears that weight is effective in original breaking down, but size of 
baU is chiefly effective in further reduction. Further investigation is required, especially 
on the loss in weight of the expensive media. Graph, refs. See also Bulletin of the 
Institute of Vitreous Enamellers^ Jan. 1955, 5 (3), 83-6. [P] 

2065. Mill Room Modernization. Duvall, W. Bett, Enamel, 1946, 17 (6), 6-10. 
The author elaborates on the location and function of various equipment items shown 
in his schematic drawing of an idealized enamel mill room. 1 fig. 

2066. A Study of the Sub-sieve Particle Size Distribution of Milled Enamels. Sam- 
MARONE, D. G. and Saunders, H. S. Bull Amer, Ceram, Soc, Sept., 1957, 340-5. A 
comparison is made between the Palo-Travis long tube method and a modified 
hydrometer method, and correlation is established. 

2067. Mill Room Variations that Affect Grinding Efficiencies. Fellows, R. L. 
Bett, Enamel, 1938, 9 (10); 1939, 10 (9); Ceramic Abstr,, 1940,19, 210. The author 
discusses factors affecting grinding efficiency of ball mills used in grinding porcelain 
enamel. 

2068. Study of Milling and its Effects on Properties of Porcelain Enamel Slips. 
Fellows, R. L. and McLaughlin, J. L,/. Amer, ceram, Soc,, 1939,22,260. Variations 
in the amount of frit charge, amount of ball charge, size of balls, and rev/min of the 
mill were found to change the fineness distribution of a white steel enamel. Other 
\ariables, such as the water content, temperature of milling, and pressure under which 
the enamel was ground, had apparently little effect on the fineness of the enamel. An 
increase in grinding temperature decreased the Na 20 : B 2 O 2 ratio of the mill liquor and 
decreased the set of the enamel. Variation in milling under the conditions stated had 
no effect on the opacity or gloss and texture of the enamels. See also Bett, Enamel, 
1938, 9 (10), 1939,10 (9). 

2069. Grinding Dry Process Enamel and its Effect on Working Properties. Manson, 
M. E. J, Amer, ceram, Soc,, 1938,21,316-19. In view of the amount of powder clinging 
to the balls, cover and mill wall, and of other characteristics of the finely-powdered 
frit, series of grindings in a ball mfll were made: (1) dry; (2) with the addition of small 
quantities of water (from 20 to 30 c.c. of water per 100 lb of frit). The water was found 
to be beneficial to the several characteristics tested. 

2070. Recent Advances in Grinding; Control of Particle Size in Glaze Parmelee, 

C. W. Ceramic Ind,, 1940,35 (1), 48. Greatest grinding efficiency is obtained when the 
volume of balls used is 55% of the volume of the mfll. The wei^t of frit charge in 
pounds is usually about three times the mill volume in gallons. The effect of grain-size 
distribution on glaze properties, and methods of controlling slip consistency are 
discussed. It is shown how research work on enamels may be applied also to glazes. 

2071. The Use of Finely Milled Enamel Slip. Porter, F. R. and Holscher, H. H. 
J, Amer, ceram, Soc,, 1935, 18, 39. Cover-coat slips for sheet iron are usually ground 
to 4-9% residue on a 200-mesh sieve, finer grinding being thought to cause tearing. 
However, slips ground to give 12-0*2% residue on a 325-mesh are now being fired 
successfully in practice in continuous furnaces. The advantages are: higher opacity; 
less wear on spray guns; smoother finishes; preferred by sprayers; better suspension; 
and lower firing temperatures. 
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2072. The Fineness DistributicHi of Vitreous Enamel as Affected by Variations in Grind¬ 
ing. PosTE, E. P. /. Amer. ceram, Soc., 1935, 18, 303. The results of an experimental 
study of the effects of variations in some of the conditions of grinding vitreous enamels 
on the distribution of particle size are reported. Observations on the distribution of 
particle size in commercial batches of various enamels follow. 

2073. Milling and Mill Additions. Spencer-Strong, G. H. Proc. PorceL Emm. Inst., 
1945, 34-5, presents a rather complete procedure for milling enamels and includes 
the types of mill additions. For satisfactoiy results in porcelain-enamelling, milling is 
of first importance. Secondly, the mill additions must be closely controlled. Major 
factors influencing the efficiency of milling are (1) design of the mill, (2) speed of rota¬ 
tion, (3) grinding media, (4) mill charge, and (5) set of the enamel. Mill additions are 
generally classified as (1) suspending agents, (2) refractories, (3) electrolytes, and 
(4) opacifying or colouring agents. 4 refs. 

2074. Enamel Mill Room Practice. Steele, G. Found. Tr. J., 7 May 1936, 54, 369. 
Conditions of charging and running ball mills to obtain maximum efficiency are 
discussed. Rubber-lined mills are said to be still in the experimental stage and to be 
limited to wet grinding. 

2075. Hfeh Density Grinding Media. Vernetti, J. B. Ceramic Ind., 1954, 62 (3), 70. 
Enamel frit grinding. See Nos.1273-4. [P] 

2076. The Influence of Temperature on the Grinding of Enamel. Vielhaber, L. 
GIas-Emael-Keramo~Technik, 1951,2 (39), 2087. If the enamel becomes too hot during 
grinding enamel faults may follow, e.g. during drying the parts exposed to the air 
drau^t dry more quickly and act as a sponge for accumulating salts, which give rise 
to streaks of bubbles during firing. It is possible that alkalis in the mill water combine 
with CO 2 from the air to form carbonates which then decompose again during firing 
and develop gases. However, it is suggested that mills should be water-cooled as is now 
normal in the U.S.A. 

FELDSPAR 

2077. Feldspar Minii^ Plant in N. Carolina. Anon. Engng Min. J., 1943, 144, 73. 

2078. Influence of Atmospheric Humidity on the Grinding and Screening of Solids. 
(In Gem^.) ^binsson, A. Ark. Kemi., 1953,6 (4), 293-304. Tests for determining the 
best particle size of feldspar for rapid melting with sand, soda and lime are described. 

8 figs., 6 refs. 

2079. Millii^ Feldspar at Spruce Pine. Burgess, B. C. Ceramic Age, 1931, 18, 155. 
I^ormatiott provided by the U.S. Bureau of Mines gives the latest practice in methods 
of preparing feldspar, unit cost factors, and other data. 

2080. FeW^. Lomas, L. Mine & Quarry Engng, 1951,17, 240-1, 363. The uses of 
teldspar are discussed. The methods of grinding and requirements for the various 
applications are described briefly. Discussion of fine grinding of felspar in a typical 
mil comprising three silex-lined mills with flint pebbles running at 27-28 rev/min. 
It IS claimed that the plant capacity is increased by 8% when a tube mill is employed 
m the first stage. 

FERTILIZERS 

2081. Factms Affectii^ Granulation in Fertilizer Mixtures. Hardesty, J. O. and 
Ross, W. H. Industr. Eigng Chem. (Industr.), 1938, 30, 668-72. 

2082. C^cium Cyanamide, Kastens, M. L. and McBurney, W. G. Industr. Engng 

* 11 ^* 1951,43 (5), 1020-33. Two-stage crushing of calcium carbide in jaw- 

miil and cone crusher, followed by blending with calcium cyanide and fluorspar in a 
mill to give a mixture passing 100 mesh is the method used in the early stages of 
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the manufacture of calcium cyanamide. The mill is divided into chambers having 
progressively smaller balls. The operation is carried out in a dry atmosphere. 

2083. Triple Superphosphate, Porter, J. J. and Frisken, J. Chem, Age, Land,, 1952, 
132 (3426), 249-50. Phosphate rock at Fison’s Immingham Plant is groxmd by 4 Lopulco 
air-swept roller mills each rated to grind 12 tons per hour to a fineness of 80% through 
a 100-mesh sieve, 

FOODSTUFFS 

2084. Size Reduction. Anon. Food Engng, N,Y., 1953, 25 (10), 157-64. A general 
account of the application of disintegrators in the food industiy, showing how reduc¬ 
tion technique has developed since 1920. A brief description of the appropriate mills 
and their operation and application to various foodstuffs. 

2085. New Laboratory Method for Drying Wheat Gluten. Adams, G. A. Cereal Chem,, 
4 July 1952, 29, 312-4. Describes inter alia how deeply frozen wet gluten with liquid 
nitrogen or dry ice, becomes friable and is easily milled to granular form. 

2086. Fine Grinding of Brittle Organic Natural Products such as Roasted Coffee. 
Ejrschbaum, E. and Schmidt, H. Chem.-Ing.-Teck, 1953, 25, 598-600. Experiments 
have been made to grind coffee so fine in a three-roll mill or a ball mill that it can be 
consumed as a cloudy beverage on stirring with water. A ball mill was not satisfactory 
with coffee owing to moisture content inducing packing on the walls. The paint mill, 
however, with a roll speed relation of 1 to 10 gave a product of 15-10 microns in a 
few passages through the mill, which could be water-cooled and air-enclosed to prevent 
loss of aroma. Results are presented in tabular form, 4 refs. [P] 

2087. Pectin. Evidence of Molecular Constitution from Dry Grinding. Lampht, L. H., 
Money, R. W. and Judge, B. E. Chem. Ind. (Reo.), 4 Sept. 1954, 1113. An extension of 
previous work is described. The period of grinding of pectin in a ball mill (dry grinding) 
has been extended to 8000 hours. The changes in properties are described and the 
evidence for molecular break down is presented. 3 refs. See /. Soc. Chem, Tnd., Lond,, 
1947, 66, 157. 

GYPSUM 

2088. Burning and Grinding Gypsum in One Apparatus. Rock, Prod,, 13 Aug. 1932, 
35, 46-7. Diagranos are given of three sets of equipment for the above and abstracts 
from TonindustrZtg, 1932, 56 (7), 93-6, (16), 224-7; (21), 293^. 

2089. The Simultaneous Grinding and Drying of Clay. Govoroff, A. Rev, Mater, 
Constr., Edition B,, UIndustrie Ceramique, 1951 (425), 223. A summary of the reports 
of the application in Germany of grinding gypsum in a hammer mill and drying in a 
current of air. 

METAL POWDERS 

2090. Metal Powders: Dust Hazards. See under Dust Hazards, Anon,, Hartmann, 
Kapelman and Mason. 

2091. Sintered Iron and Steel Components. B,LO,S, Final Report, No. 595, H.M. 
Stationery Office. Brief notes on crushing. 

2092. Iron Powder. B,LO,S, Final Report, No. 860. H.M. Stationery Office. Brief 
description of producing powdered iron. Five methods. Diagram of nozzle for pro¬ 
ducing powder by passing molten metal throu^ a conical jet of water. 

2093. German Powder Metallurgy. F,I,A,T, Final Report, No. 772. H.M. Stationery 
Office. Disintegration of hard alloys is done by blowing in the molten state with water, 
air or steam jets with and without rotary impacting disintegrating wheels. Drawings. 
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2094. Mikaroniser Process. Aluminium Co. of Canada. Canadian Chemistry and 
Process IndustrieSy 1949, 33 (6), 483. A method of ultrafine grinding to less than 
5 microns. 

2095. Modem Plant Makes Magnesium Powder. Chem. Engngy 1954, 61 (4), 122-4, 
Description of the plant of the Reade Manufacturing Co., Lakehurst, N.J. (1) 90 day 
aged ingots are cut into ribbon ‘chips’. (2) “Chips” are disintegrated by air blast. 
(3) Suitable hammer mills pulverize to 100-200-mesh product as desired, the thickness 
of the chips controlling the final size. (4) Sieving on gyrating sieves for close sizing. 
Safety features: (a) dispersed buildings; (b) good housekeeping and avoidance of dust 
pockets; (c) earthing kll equipment; (d) magnetic separation of iron impurities (air 
conveyance throughout, not inert gas). 

2096. The Manufacture of Aluminium Powders. Sci. Mus, bibliogr. Ser., No. 430, 
1938. 19 refs. 

2097. The Significance of Grain Size and Form in Powder Metallurgy. Benezowsky 
— (Reutte/Tyrol). TonindustrZtg, 1954, 78 (13/14), 214; Tagung Verein deutsdie 
Ingenieure, Staubtechnik, Bad Kissingen, 1954. The methods and results in powder 
metallurgy depend very closely on the size and shape of the particles. These depend in 
turn on tl^ methods of powder formation, the sizes lying between 0*1 and 300 mu or 
even 500 mu (iron powder for machine parts being about 150 mu), the shapes of 
powders varying from spherical to leaf form,, e.g. iron carbonyl and electrolytic iron 
powder respectively. Specific surface, determined by the air permeability method, 
gives a quantitative indication of the grain shape. Evolution of size distribution by 
sieving, elutriation or sedimentation is evaluated by the Rosin-Rammler formula. 
The unsuitability or otherwise of sieve fractions or extreme sizes in pressing and sinter¬ 
ing is described with regard.to the resulting properties of the finished product. 

2098. The Rosin-Rammler Size Distribution of Ground Powders. Brenner, R, and 
ViDMAJER, A. Metally 1955, 9 (9/10), 395-403. The application to powder metallurgy 
is discussed, and the phenomena analysed mathematically and graphically. See Nos. 
353-4. 

2099. Determination of the Effect of Particle Size on the Properties of Commerc&l 
Iron Powders and Compacts made ffcun these Powders by Conventional Gold Pressii^ 
and Sintamg Tedmiques. Comstock, G. J. and Shaw, J. D., et al U.S. Dept. Com¬ 
merce, OflBce of Technical Services, Stevens Institute of Technology, July 1948. 
Chap, n (2): Particle size distribution. Procedure and graphed results. 11 (12): Micro¬ 
scopic exammation and comparison of analyses on the standard and test sieves. 
171 pp. Illustrated. Five appendices: Appendix A describes the separation and classi¬ 
fication of subsieve (—325 mesh) particles (cyclone method); Appendix B—^photo¬ 
micrographs and diagrams. 

2100. The Powdw Metallurgy of Zirconium. Cox, G. F. and Miller, G. L. Sym¬ 
posium on Powder Metallurgy. Dec. 1954. Group 1, 19-29. Institute of Metals, and 
Iron and Steel Institute. 

2101. A New Method of Detomining Grain Size and Specific Surface of Metal 
Powders. Deryagin, B. V., Zakhaveva, N. N. and Talaev, M. V. /. tech. Phys.. 
Moscow (Zk. tekh. JFiz.), 1955, 25 (5), 881-6. The air-permeability method, full aero¬ 
dynamic theory and apparatus are described. In comparing the results with those 
from microscope measurements, agreement was good for copper and iron powders,, 
but poor for alu min i um powders which were spiral shaped. A short abstract is given in 
/. Inst. Met.y Dec. 1955, 23 (4), 315. 

2102. Powder. Ellwood, E. C. and Weddle, W. A. J. Inst. Met., 1952, 80, 
193-206. A novel and dheap method of producing copper powder is described. Scrap 
copper is oxidized at high temperature, the oxide ball is milled to a powder, 83% passing 
a 200-mesh sieve, and the powder reduced to metallic copper in hydrogen. 
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2103. Development of Titaniimi Powder Productioii. Final Repc^ Hatch, A. J., 
Weber, E. P. and Schwope, A. D. Clevite Research Centre. Contract DA-33-019- 
ORD. 1467. 30 Sept. 1955. Titanium Abstracts Bulletin, LCJ., 1956, 1 (7). Three 
methods investigated for powdering titanium were ball milling, Wiley milling and 
crushing of hydrided titanium sponge. The preparation of titanium powder and feed 
material from scrap and by hydriding sponge, comminuting and then dehydrating, 
appears to be feasible. The 6% aluminium, 4% vanadium, 90% titanium alloy and 
others have been synthesized by powder metallurgy. Nuclear ScL Abstr,, 9 (23), 981. 
1955. 

2104. Powder Metallurgy. Huthg, G. F. and Kieffer, R. Angew, Chem,, 1952, 64, 
41-54. On p. 47-8, the chemical and physical methods for obtaining powders are 
described- Size distribution of products are discussed and the effects of ball size are 
presented graphically. Variables on the particle shape and size. The attainment of an 
equilibrium distribution by ag^omeration or ‘reverse condensation’ is discussed. 

2105. The Grinding of Metal Powders. Hurno, G. F. and Sales, H. Symposium on 
Powder Metallurgy, Dec. 1954, Group 1,8-10. TN 695. Sy 68. Institute of Metals and 
Iron and Steel Institute. Effects of metal properties and grinding variables on grinding 
results. Mechanical properties of sintered steel are improved by decreasing grain size 
of the powder. 6 pp. 

2106. Powder Metallingy. Jenkins, I. Nature, Land,, 12 Feb. 1955,175 (4450), 276-8. 
Physical properties of a metal powder, including shape, density, surface condition 
and size distribution of the powder particles have received spedal study in recent 
years, and considerable advances have been made in methods of examining these 
properties. The behaviour of brittle, tough and ductile metals on mechanical grinding 
leads to the interesting conclusion that, with soft metals, an equilibrium particle size is 
reached irrespective of the initial size used. This paragraph is included in an apprecia¬ 
tion of the symposium on Powder Metallurgy held in London, 1-2 Dec. 1954, by the 
Iron and Steel Institute and the Institute of Metals at which 50 papers were presented. 

2107. Determinatioii of Particle Size in Powder Metalliirgy. Kauscher, P. R. 
Trans, electrochem, Soc,, 1944, 85, 153-62. Four methods are discussed: microscope, 
elutriation in air, in liquid, and by gravitational fractionation. The last is found to be 
the best and is very accurate. An improved gravitational fractionation method (Turbidi¬ 
meter) is presented in detail and recommended for wide use. 

2108. Subsieve Particle Size Measur^ent of Metal Powders by Air Elutriation. 

Pollard, R. E. J. Res, nat. Bur, Stand,, 1953, 51 (1), 17-31, Res, Ppr, No. 2428. 
Particle-size measurements of spherical metal powders by means of the Roller air 
analyser using samples up to 40 g of powder, were found to be reproducible within 
approximately ± 1% of the original weight of sample, for particle diameters up to 
120 microns. The separation limits closely approximated Stokes law (V=Kd^ for 
diameters of 5-20 microns. For diameters of 20-70 microns, the size limits of fractions 
conformed approximately to the formula With larger particles the accuracy 

was uncertain. Reproducible results were also obtained with irregularly-shaped particles, 
such as those of electrolytic copper powder. However, the accuracy of the calculated 
size limits was uncertain, no attempt being made to check them by other methods of 
measurement. 

2109. Determinatiini of Partick Size in the Sub-Micron Rai^e. Schubert, Y. and 
Kopelman, B. Powder Metall, Bull,, 1952,6 (3), 105-9. (1) Because of reasonably good 
agreement obtained, either the B.E.T. adsorption method or the X-ray line broadei^ 
technique may be used for iron. (2) The iron powder investigated was almost spherical 
in shape. 

2110. Improvements Relating to the Manufacture of Magnetic Cm:es from Magnetic 
Dust Standard Telephones and Cables, Ltd, (Weston, W. K., Buckley, S. E. and 



CRUSHING AND GRINDING 


334 

Johnston, T.). Brit. Pat. 587138, 1947. Brittle boundary phases are intentionally 
introduced into tough nickel iron alloys to facilitate conversion to powder, by scattering 
the molten material, while pouring, by means of a water jet. 

2111. The Design and Operation of Small Mills for Mixing Powder. Summers-Smtih, 
D, MetallurgiCy Manchr, 1949, 39, 309. Two sizes of ball mills are described, which 
have been designed to facilitate metallurgical research by powder metallurgy methods, 
the larger being suitable for mixing samples weighing about 10 g, and the smaller one 
for dealing with samples of about 1 g. Reference is made to work carried out with these 
small mills. 6 f gs. 

2112. Comparison of Methods of Determining Particle Size Composition of Alumina 
Powders. Volosevich, G. N. and Parkacheva, A. I. Zavodsk. Lab.y 1955, 21 (1), 69. 

2113. Powdered Aluminium. Warring, R. H. Mech. Worlds Aug. 1953, 133, 350-2. 
The uses of and processes used for producing various kinds of aluminium powder are 
described. Spraying molten aluminium for granular material, stamping for flake 
material and wet ball milling with lubricant, pressing and drying for very fine material. 

ores: gold 

2114. Die Practical Application of Hydrocyclones in Milling Circuits in Sundry Gold 
Mines. Adamson, R. J. and Mortimer, J. H. See under Classification. 

2115. Notes on the Application of Hydrocyclones in the West Rand Consolidated 
Mmes Ltd. Arthur, J. A. J. chem. Soc. S. Afr., 1956, 56 (8), 295-99. The results of 
installing a 27-in., 20® cyclone in the secondary milling circuit for replacing two bowl 
classifiers and for increasing output are presented in tabular form. [P] 

2116. Non-Assayable Gold—A Fallacy. Atkinson, C. W. R. J. chem. Soc. S. Afr., 
1955, 55 (10), 243-5. Comments on a paper by Sinclair. Does not admit the fallacy, 
and gives data for the unaccountable loss of gold when the ore was crushed in a ball 
mill plant as compared with the same ore crushed in a stamp mill. The respective 
assays were; for stamp mill, between 100% and 87%; for ball mill, between 75% and 
68% gold. 

2117. Oassification in Witwatosrand Mills. Bates, B. R. Trans. Amer. Inst. min. 
(metall.) Engrs, 1926,73,239-52. Classification in milling operations at South African 
Mines. The author shows in exhaustive trials the importance of control and quality of 
the feed. His works confirm the advantage of the preliminary reduction in a cascade 
mill. The importance of classification to obtain efficient tube min grinding was 
thoroughly demonstrated, by the use of various types of classifier. 

2118. Rec^it Progress in Des^n and Op^^tion of Gold Reduction Plants. Britten, 
H. /. chem. Soc, S. Afr., 1955, 55 (12), 313. Large-diameter tube milk and cyclone 
classifier are important advances. Pebble mills are more economical than steel media. 
A relatively fine crusher product should be fed (10-15% only on a |-in. mesh sieve). 
Speed is about 90% of critical number. Liner wear increases with rev/min. 

2119. The Cyc^Mie as a Gold Concentrator. French, J. H. J. Chem. Soc. S. Afr., 
1955,55(5), ^5-11. 

2120. Gold Minii^ in the Witwatersrand. King, A., et al. Transvaal Chamber of 
Mines, Johannesburg, 1949. Chap. 2, Pt. 1, pp. 19-38. Preparation of ore for stamp 
milling, sorting and crushing. Deals with the use of jaw crushers, gyratory and cone 
crushers. Illustrations, dia^gs, tables of capacities and performance. Chap. 3, 
Tube milling and ball milling. Chap. 4, Recovery of gold by gravity concentration 
during grinding. Chap. 15, Tables, including a table of approximate launder grades for 
Witwatersrand ore pidps. IP] 

2121. A Review of Recent Devdbpmaits in the Use of Hydrocyclones in Mill Operafion 
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(^Und Mines), Kok, S. K. de, J, Chem. Soc. S, Afr,, 1956, 56 (8), 281-94. See under 
Classification. [P] 

2122. Some Notes on the Use of the Hydrocyclone on Mines of the Anglo-Transvaal 
Group. Kok, S. K. de. J. Chem. Soc. S. Afr., 1955, 55 (4), 159-68. The perfonnance of 
several sizes of hydrocyclone in the gold reduction plants with various feeds is described 
and presented in tabular and graphic form. [P] 

2123. Mining and Milling at Amalgamated Banket Areas. Perry, E. J. Mine & Quarry 
Engng, 1952,18, 218-22. Deals generally with the crushing and ball milling of ore by a 
goldmining company. Gold Coast Colony, 

2124. Crushing and Grinding of Banket. White, H. A. J. Chem. Soc. S. Afr., 1929, 
30,1. Although the paper deals with the crushing of banket, an interesting comparison 
is made between the energy used to disintegrate the material by various processes and 
the energy required to shatter the material by impact test. The relative efficiencies 
based on impact tests are as follows: mine blasting, 0*7%; crushers, 4*4%; stamp 
batteries, 10*5%; tube mills, 18*6%. (Cf. Bond, 1954, who states that mechanical and 
blasting efficiencies are about equal.) [P] 

ores: iron 

2125. Iron Ore Preparation in Germany, 1939-1945. B.LO.S. Final Report, No. 592. 
H.M. Stationery Office. For the iron ore at the Hermann Goering Werk, the most 
economical size reduction ratio at every stage was 2:1. Wet crushing was found to give 
increased wear on the swing-hammer mill. 

2126. Towards More Pig Iron. Iron Steel, Lond., 1953 (3), 81-6. The primary 
crushing of iron ore by Hadfield roll crusher reduces lumps 4 x 4 ft to —10 m. The 
secondary crusher reduces the 10 x 10-in. material to 6 x 6 in. size. 

2127. Operation Seraphim. Anon. Iron & Steel, Land., 1954, (9), 435. The primary 
crushing of iron ore for the Queen Victoria blast furnace at Appleby Frodingham, 
one of the largest in Europe, is done by roll crusher. The rolls, 6 ft diameter, are driven 
at 180 rev/min by a 200-h.p. motor. When set to 6i-in. clearance, the product provides 
two fractions, plus and minus 2 in., the oversize being passed to secondary crushers. 

2128. Non Magnetic Taconite Treatment. Anon. Min. Congr, J., Wash., 1955, 
41 (5), 40. The ore is ground to 14 mesh and the product fluidized in a reducing atmo¬ 
sphere at controlled temperature for conversion of a 30% haematite inclusion to 
magnetic oxide for separation. The ore is quenched in water and so fine grinding is 
facilitated by the resulting cracking. The further steps are described. 

2129. Differential Grinding of Alabama Iron Ores for Gravity Concentration, Coghill, 
W. H. and Delano, P. H. Rep. Invest. U.S. Bur. Min., No. 3523, 1940. The iron ore 
contained quartz grains which it was not desired to crush. The ore was therefore 
crushed to pass a f-in. sieve by any convenient method, and passed for differential 
grinding in a rod mill, after trials with a roll miU had given poor results. The rod mill 
19 X 36 in. w^as loaded with only 13% (300 lb) of rods instead of the usual 45% by 
volume. Space was therefore left for an excess of ore, which was therefore ground partly 
by attrition. The speed of the mill was less than that for cataracting, so as to avoid 
crushing the quartz grains. 

2130. Differential Grinding in Cyclone Shown by Screen Tests. Erickson, S. E. 
Engng Min. J., 1954, 155 (1), 95,168. After passing ^-in. iron om 5-10 times through 
a wet cyclone, analyses showed a beneficiation of about 4% iron (54-58%) in the 
recovered product. It is suggested that some differential grinding had occurred. The 
improvement occurred throughout the range of sizes of the recovered material. 

2131. Iron Ore Preparatimi. Howat, D. D. Mine & Quarry Engng, 1953, 19 (5), 
144 - 9 , xhe advantages of sledging rolls for this ore are described. 
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2132. Crashing of Iron Ore. Howat, D. D. Iron & Coal Tr, Rev.^ My, 1948,157, 
177-88, 239-44. Pt 1. Theoretical considerations. A comprehensive survey of the 
subject^ of iron-ore production for blast furnaces is being specially compiled by the 
author. Pt. 1 deals with theoretical considerations behind present-day crushing 
techniques, including discussion on the relation between the useful work and size 
reduction, fracture characteristics, particle sizes and distribution and their influence on 
crusher design. It is not possible with our present knowledge to determine the useful 
work done in size reduction. 

Pt 2. Practical Aspects. The various types of crushing machinery are discussed, 
including jaw, gyratory, coarse roll, cone and hammer crushers, comparing the features 
of each. 

2133. Tacimite—A New Market for Coal. Jacoby, J. W. Bituminous Coal Research, 
1956,16 (3), 8-9. A brief description with diagrams of the processing of taconites from 
winning by flame jet piercing machines to pelleting for the furnace. 

2134. The Grindabflhy of Krivoi Bog Iron Ore. Karmazin, V. I. Min. J. Spb. {pomyi 
Zhumal), 1952, (8), 31-2. Mathematical and graphical presentation of experimental 
results. 

2135. A Tertiary Crasher for Soft Home Ores. Lang, C. J. Iron St, Inst., 1951, 
167 (4), 400-39; 168 (2), 164; Res. Rap. Brit. Iron and Steel Res. Ass., No. IN/A/4/51. 
A critical examination and brief report on a high-speed multihammer crusher for 
preparation of soft iron ore fines for sintering. This is a double shaft hammer mill with 
opposite rotating members but not interleaving. 

2136. Preseit Probkms in Our Iron and Steel Industry. Lefebre, A. G. Publ. Ass. 
Ing. Fac. Folyt., Mons, No. 93, 1945. 

2137. Crushing Taconite Ore. Martin, H. K. Proceedings, Symposium, 1947. Insti¬ 
tute of Mining and Metallurgy, 1948, p. 68. To enable taconite ores to be used in 
replacement of Lake Superior ores, it will be necessary to crush the former to 20 or 
even 5 naicrons to free the magnetite from siHca gangue. At present it is planned to 
effect a 90% iron recovery and to produce a concentrate containing 64*5% iron by 
crushing to —325 mesh in four stages, i.e. 60-in. gyratory crushers, 24-in. reduction 
anshers, 7-in. Symons short head cone crushers, and finally rod, then ball mills, dry 
in the first three, and wet in the last. 

2138. A Magnetic Reflux Classifier. Roe, L. A. Min. Engng, N.Y., 1953, 5, 312-5. 
Describes the application of this classifier in studying the amount of grinding which is 
necessary to produce the desired degree of magnetite liberation. Results are given for 
processing a typical taconite ore. 

2139. Iron Ore. Taggart, A. F. Handbook of Mineral Dressing, 1945, Wiley & 
Sons, New York; Chapman Sc Hall, London. Sect. 2,134—51. The characteristics and 
m^hanical treatment of iron ore summarized. Flow sheets and summaries of practice 
at individual U.S.A. mines are presented. 

2140. The Prepai^tiimoflron Ore for Blast Furnace and Open Hearth Use. Wiliiams, 
R. IL Yearbook of the Americ^ fton and Steel Institute, 1948, 368-90. A brief 
description of an interesting application of the Simons crusher for secondary crushing 
of ores. 

ores: various 

2141. Gr^dii^ and Treatment of Minerals. B.I.O.S. Final Report, No. 1356. H.M. 
Stationery OflSoe, 1948,61 pp. Some 16 firms were visited and their operations described. 
30 pp. of illusixations and drawings. The firms were concerned with manufacture of 
equipment, with process^ or particular materials. The mi-n< ^r als mentioned are: 
silica, mangaiKse dioxide, barytes; lead, zinc, tungsten and lithium minerals. 
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2142. Recent Deyelopnents in Mineral Dressii]^. 1953, Institution of Mining and 
Metallurgy. An assembly of the 40 papers (with discussion) presented at the Sym¬ 
posium on Mineral Dressing held in London in 1952 by the Institution of Mining and 
Metallurgy. The seven papers on the more theoretical aspects of size reduction and 
size determination are to be found under the names of authors in the appropriate 
sections. These authors are: Bond, Carey and Stairmand, Dorr and Bosqui, Fairs, 
Fonteyn and Dijksman, Heywood, Kelsall. 

2143. Ore Dressing Laboratory at the United Steel Companies, Ltd. Anon. /. Iron St. 
Inst. 9 Nov. 1948, 160, 310-14. Equipment in certain firms for experimentation in 
size reduction methods. The scheme at Swinden House includes crushing, milling and 
grinding of ores to determine the optimum conditions for the liberation of constituent 
minerals. Description of the various laboratory pulverizers is given. 

2144. Non-Ferrous Ore Dressing in the U.S.A. O.E.E.C. Technical Assistance 
Mission, No. 54. 1953, O.E.E.C., Paris. Obtainable from H.M. Stationery Office. 
Chap. 6, pp. 43-53. Crushing, Grinding and Screening. Deals with general practice 
and trends in U.S. A. In coarse grinding, there is a tendency to replace smooth crushing 
rolls by rod mills with wide central discharge working in open circuit and yielding a 
product from 10 to 48 mesh. For fine product (100-200 mesh) the grate type of ball 
mill is used in closed circuit with classifiers. Gravity lubrication is used wherever 
possible for a bank of machines of the same type. Technical appendices, pp. 91-199, 
for the processing of ores of copper, lead and zinc, feldspar, fluorspar, clay, phosphates, 
titanium, gold, iron, contain flow sheets, equipment information, and performance 
data under the above headings for various mines. [P] 

2145. Exploitation of Low Grade Ores in U.S.A. O.E.E.C. Technical Assistance 
Mission, No. 228, 1954. O.E.E.C. Paris. Obtainable from H-M. Stationery Office. 
Chap. IV. Grinding. As in crushing, the general trend m grinding seems to be to 
use units as large as possible since the investment cost per horsepower installed gets 
lower the larger the unit. Some mill men think that efficiency is hi^er with increased 
mill diameter. The largest mills to date are 13 ft long and diameter 12 ft 6 in,, driven 
by 1500-h.p. synchronous motors. 

2146. Recent Developments in Practice at the SulliTan Conceiitrat<H'. Banks, H. R. 
Symposium on Mineral Dressing, London, Sept. 1952, Paper No. 36. Institute of 
Mining and Metallurgy. Short description of the operation of the Symons jaw crusher 
(800 tons per hour) and the subsequent 7-ft Symons cone crushers, then rod miU, 
transportation and sink-float operation. Published in Recent Developments in Mineral 
Dressing. 1953, Institute of Mining and Metallurgy. 

2147. Experience in the Reduction of Hard Rocks. Bates, W. H. Brit. Clayw., 1936, 
45,216. The grinding of quartzite in edge-runner mills is discussed; figures for the rate 
of size reduction are given. The reduction is by wet grinding and the effects of varying 
water additions are recorded. Temperature effects are also considered, [P] 

2148. Advances in Milling Methods: Redaction Cmshii^. Bowen, M. W. Min. Congr. 
/., Wash., Feb. 1942, 28, 65-6. A general accoimt of methods of crushing ores. 

2149. Crushing and Screening in Mineral Dressing Plants. Brown, G. J. S^^posium 
on Mineral Dressing, London, Sept. 1952, Paper No. 11. Institute of Mining and 
Metallmrgy. Selecting the crusher to suit the ore. Illustrations of Nordberg crushers. 
Recent developments in crushers and screens, and particularly heavy gyratory crushers. 
The importance of screening. Published in Recent Developments in Mineral Dressing, 
1953, I^titute of Mining and Metallurgy. 

2150. Ore Dressing Studies No. 31. FlotatiiHi of Lead-aanc-fluOT^par Ores. Clemmer, 
J, B., Duncan, W. E., De Vaney, F. D. and Guggenheim, M. Rep. Invest. U.S. Bur. 
Min., No. 3437, 1939. 
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2151. Approximate Quantitative Microscopy of Pulverized Ores. Coghill, W. H. 
and Bonardi, J. P. Tech, Fap, Bur, Min, Wash,, No. 211, 1919, 20 pp. An improved 
method using the binocular microscope and camera lucida. 

2152. Determination of the Flakiness of Ores. Coghcll, W. H., Holmes, O. W. and 
Campbell, A.B. Bep, Invest, U,S, Bur, Min,, No. 2899, 1928. Comp^son of grading 
and shape of two very dissimilar zinc ores, when crushed in rolls, a disc crusher and a 
ball mill. 

2153. Storke Level. Key to 25 M. Dollar Climax Project. Cooley, C. M. Min, 
Engng, N,Y., 1953, 5 (1), 36-41. One of the largest gyratory crushers in the world is 
installed at the new Molybdenum mining project—Storke Level, U.S.A. It takes run 
of mine ore and crushes it to -9 in. Cone crushers reduce this to -f in., which then 
feeds the ball mills. 

2154. Ore C<mc^tration and Milling. Counselman, T. B. Min, MetalL, N, Y,, 1943, 
24, 59. A general account of the effort at various plants to improve capacity without 
using scarce materials. 

2155. Milling at Mount Isa. Cunningham, K. T. Proc, Aust. Inst, Min, Engrs, 
30 Dec. 1953 (171). Lead zinc ores and copper ores are treated. An account is given of 
the milling and other preparation processes, with drawings of the layout. The results 
of infrasizer analysis are tabulated. Other operating data are tabulated and the ball 
wear is reported as 1 -7 Ib/ton of ore for 3-in. steel balls. 

^156. New Ideas in the Preparation of Ore for Milling. Dean, R. S. and Gross, J. 
Canad, Chem, MetalL, 1932, 16 (3), 71-2. Explosive shattering is discussed on the 
basis of microscope examination of typical mine ral sections. Calculations of energy 
requirements show that the process might be economically competitive with conven¬ 
tional processes and worth consideration. 

2157. Tube Milling (BaU and Pebble Mills). Del Mar, A. 1917, McGraw-Hill Book 
Co., New York, A treatise on the practical application of the tube mill to metallurgical 
problems. A series of flow sheets is given for stamp mill operation with and without 
tube mills to follow. The stamp miU is still with us for amalgamating and for a medium- 
size product, and in combination with the cylindrical tube miU, for cyanide treatment 
of a slime. Second is the popularity of the conical mill for a product up to 90 mesh, in 
competition with a tube mill of large diameter and short length, in circuit with a 
classifier. Third is the deserved popularity of the cylindrical tube miU with varying 
diameter and length according to the size of feed. 145 pp. 

2158. Ore Dressing Tests and Their Significance. No. 16, Ore Dressing Studies. 
Pp. 5-37. Dietrich, W. E., Engel, A. L. and Guggenheim, M. Rep, Invest, U.S, Bur, 
Min,, No. 3328, 1937. Tests were devised to ascertain the essential elements of a pre¬ 
ferred ore-dressing treatment that can be recommended for each ore. Sizing tests, 
float and sink tests, microscopic study, magnetic tests, heat treatment, agglomeration 
and tabling. 

2159. Present day Grindii^. Djingheusian, L. E. Trans. Canad, Min, Inst. (Inst, 
Min, MetalL), 1949, 52; Canad, Min. metalL Bull,, 1949 (450), 555-67; Chem. Abstr., 
1950,44 (4), 1288a. A summary of recent developments, and an analysis of the progress 
made in grinding. It described the progress on the practical aspects, at the HoUinger 
Mines, Lake Shore, Flin Hon, Sullivan, International Nickel, Tennessee Copper. 
Sections deal with mill liners, ball media and ball wear. [P] 

2160. Die Importance of Classification in Fine Grinding. Dorr, J. V. N. and 
Marriott, A. D. Trans, Amer, Inst, Min: (metall^ Engrs, 1930,91,109-46. Discussion 
146-53, Discusses advantage of closed circuits and particifiar advantage of bowl 
classi^rs in removing a finish^ product after primary milk and return of heavy 
minerals for additional grinding. Flow sheets of copper plants show changes and results 
due to these changes. 
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2161. Climax Milling Practice. Duggan, E. J. Tech. FubL Amer. Inst. Min. Engrs, 
No. 1456, 1942. Description with flow sheets of the milling practice of the Climax 
Molybdenum Co., Colorado. 14 pp. 

2162. Ore Testing Studies. 1938-9. Engel, A. L. and Shelton, S. M. Rep. Invest. 
U.S. Bur. Min., No. 3484, 1940. Primarily ore-dressing studies to provide applicable 
indications of treatment methods. 34 pp. 

2163. Cyclone Separator may be the Solution for the Fine Ore Prcdilm. Erickson, 
S. E. and Herkenhoff, E. Engng Min. J., 1950,151 (6), 71-3. 

2164. Grinding Investigations at Mahnb^et. Fagerberg, B. International Ore 
Dressing Congress, Goslar. May 1955, Deutsche Metallhiitten und Bergleute e.v. 
Clausthal-Zellerfeld. See No. 1077. 

2165. Review of Fine Grinding in Ore C<mcentrators. Gow, A. M., Guggenheim, M. 
and CoGHiLL, W. H. Inform. Circ., U.S. Bur. Min., No. 6757, Jan. 1934,29 pp. 

2166. Treatment Plant Operations at Giant Yellowknife. Grogan, K. C. Canad. 
Min. metalL Bull., 1953,46 (492), 211-2. Tabulated data for jaw crushers, Simons cone 
crushers and ball mills are presented, particularly for wear of parts in crushing gold- 
bearing ores. [P] 

2167. Explosive Shattering as a Possible Economic Method of Ore Preparation. 
Gross, J. and Wood, C. E. Rep. Invest. U.S. Bur. Min., No. 3268, 1935, pp. 11-19. 

2168. The Hadsel MilL Hall, R. G. Trans. Amer. Inst. Min. install.) Engrs, 1935, 
112, 15-24. Description and advantages in ore crushing. See No. 973. 

2169. Current Fine Grindii^ Practice and Rec^t Develoj^ents. Hatch, R. Min. 
Congr. J., Wash., 1942,28,65. A general account of fine grinding of ores. The ball mill 
is pre-eminent as a fine-crushing medium. 

2170. The HoUinger Crushing Plant. Hollinger Mill Staff. Canad. Min. metalL 
Bull., 1953, 46 (497), 551-76. Trans. Canad. Min. Inst. {Inst. Min. MetalL), 1953, 56, 
286-313. The crushing is done by jaw crusher 2900 ft undergroimd, Simons cone 
crushers above ground (7 and 5i ft), and ground by a pair of 78-in. diameter by 20 in. 
Trayler rolls. Data on performance, wear, power consumption costs, dust counts, are 
presented in tabular form for the crushers, grinders, and all auxiliary equipment, 
including belting, screens, cyclones, fans, etc. Crushing and grinding plant are enclosed 
to prevent escape of dust. See also McLaren, D. C., Canad. Min. J., 1944, 65, 363-9. 

m 

2171. Columbite Recovery. Hurst, J. Chem. Age, Lond., 24 June 1955, 1626. The 
separation of columbite particles from dumps of tin mining refuse has been unprofitable 
hitherto owing to the clogging of sieves by the carrot-shaped particles of columbite. 
A new gyratory sieving machine has been developed by Russell Constructions, Ltd. 
The screen is caused to move in a minute circular orbit, say ^ in. at 1500 c/s, in a 
horizontal plane. The carrot-shaped columbite particles are caused to rotate on their 
longitudinal axes and at the same time turn end over end with all bouncing motion 
eliminated, so that it is impossible for any material to stick in the mesh and cause 
blinding. A i-h.p. motor is used. See also ibid., 19 Dec. 1953, 1273-6. 

2172. Metallurgical Improvements in the Treatment of Copper-Nickel Ch*es. Inter¬ 
national Nickel Co. of Canada, Ltd., Staff. Trans. Canad. Min. Inst. {Inst. Min. 
MetalL), 1948, 51, 187-98. The advantage of elimination of fines is shown, and the 
efficiency of classification is discussed. After trials with more than 500 000 tons of 
mineral, the advantage of several stages over one stage only is shown by (1) a reduction 
of 30% in steel consumption; (2) an increase in capacity of 15%; (3) a reduction of 
13% of power. 

2173. Selection of Ore-crushing and Grinding Equipment. Kennedy, J. E. Min. & 
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Metall, N.Y., 1936, 17, 139-40. Comparison between effects of jaw and gyratory 
crushers. Reasons why the latter is more effective. 

2174. Fine Grinding Investigations at Lake Shore Mines. Lake Shore Mines Staef. 
Trans. Canad. Min. Inst. {Inst. Min. Metall.\ 19^, 43, 299-434. A report on seven 
years’ experimental ‘fact-finding’ investi^tions into fine grinding of Lake Shore 
ores, with special emphasis on tube milling. See Nos. 1067 and 1119. [P] 

2175. Ihe Possibilities of Impact Mills. Lehmann, H. et al. TonindustrZtg, 1951,75, 
372-7; 1952, 76, 9-14. See Nos. 857-8. 

2176. Grindii^ Resistance of Various Ores. Lennox, L. W. Trans. Amer. Inst. Min. 
imetall.) E>igrSy 1918-19, 61, 237. 

2177. The Evolutlcm of Various Types of Crushers for Stone and Ore and the Charac- 
tolstics of Rocks as Affecting Abrasion in Crushing Machinery. Mcller, W. T. W. and 
Sarjant, R. J. Trans, ceram. Soc., 1936, 35, 492; Min. Proc. Instn. civ. Engrs, 239. 
Includes discussion on hammer mills. 

2178. Crushing and Grinding Practice, Tennessee Copper Co. Myers, J. F. and 
Lewis, F. M. Trans. Amer. Inst. Min. {Metali:) Engrs, 1943,153,345. It was shown that 
each type of mill operates best within a limited role, outside of which its employment 
is not economical. See No. 1134. 

2179. The Effect of Increased Clasafication Capacity at Allenby Concentrator. 
Nelson, W. I. and Arme, H. Trans. Canad. Min. Inst. {Inst. Min. Metal.\ 1950,53, 31. 
For the same number of grinding units, the production was increased by: (1) increasing 
the speed of miUs; (2) reducing ball size; (3) lowering grade of classifier to oblain 
mAYimnm settling area; (4) remodelling the classifiers of tube mills, increasing width 
from 6 ft to 8 ft; (5) introduction of Dorr Classifiers in tube mill circuit as producers of 
finished product; (6) redirection of feed form classifier. The horsepower consumption 
per ton improved from 30*8 in 1929 to 234 in 1949. 

2180. The Aluminium Industry. Pearson, T. G. Chem. & Ind. (Rei?.), 17 Nov. 1951, 
988-97. Page 991. Bauxite, dried if necessary, passed over a grizzly, thence to a hammer 
mill, thence to Lupulco mills where it is reduced to 10 mesh, the fines being removed 
through a cyclone and used. 

2181. Coal PrqparaticHi, Pt 2. Pryor, E. J. Colliery Engng^ 1950, 27, 192-4. The 
author discusses breakage of ores as regards the liberation of values, avoidance of 
overgrinding and the removal of the liberated values at an early stage. Methods of 
separation are discussed. 

2182- DeYek)ptt^its in the Sciaice of Mineial Dressiig. Pryor, E. J. Times Science 
Review, Summer 1954, pp. 17-18. Deals mainly with the principles of flotation, but 
includes a short section on the importance of the wet-grinding process for releasing 
the (ksiied minerals and the reactions of new surface with water and surface reagents 
and in some cases with coating metals. 

2183. Possibilities of Impact Mills in Ore Bressirg. Puefe, E. Z. Erzbergh. Metall- 
huttenw., 1950, (3), 41-7,75-7; Engng Min. 1955,156 (7), 9^100. See under Hammer 
Mills. [P] 

2184. A Study of Grinding EflBciency in Relation to Flotation Practice. Rose, E. H. 
Patino Mines, BoUvia. Min. J., 28 Aug. 1926, 331-8. See No.jMl. [P] 

2185. Simultaneom Grindii^ and Flotathm. Schellinger, A. K. and Shepard, O. C. 
Tech. Publ. Amer. Inst. Min. Engrs, No. 2461, 1948. 6 pp. Describes how this process 
can avoid the overgrinding usual in a conventional ball mill and classifier. States 
that 90% of the energy is used in useless overgrinding. Overgrinding is detrimental 
to the flotation process, since overground slime coats the larger particles. Two tables 
of comparison test results are given and a vertical ball mill combining flotation is 
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illustrated. Balls from i to li in. diameter about one-third fill the bowl. The balls are 
moved around on perforated platforms, mounted on a shaft driven from the upper 
end. Compressed air for frothing enters at the base of the bowl, and other arrangements 
are made for flotation while grinding. The authors are satisfied that simultaneous 
grinding and flotation is a feasible process. [P] 

2186. Purpose and Equipment of the Ore Dressing Institute of the Clausthal Minh^ 
Academy. Schranz, H. 0.E.E,C, Technical Assistance Mission^ No. 127,1953, 0.E,E,C,, 
Paris, Obtainable from H.M. Stationery Office. The purpose is teaching, the evaluation 
and improvement of known processes, and a certain amount of applied research for 
industry. 

2187. Cost Preparation and its Relation to Mineral Dressii^. Swartzman, E. and 
Djingheusian, L. E. Canad, Min, J., 1952, 73 (1), 51-7; (3), 70-6. 

2188. Metallic Minerals. Taggart, A. F. Handbook of Mineral Dressing, 1945. 
Wiley & Sons, New York; Chapman & H^, London. Chap. 2,1-267. The mechanical 
treatment of the ores of forty metals is summarized. There are also included sum¬ 
maries of the U.S.A. practice at individual mines providing the information. Flow 
sheets of complete treatment are presented, 

2189. Elements of Ore Dressing. Taggart, A. F. 1951, Wiley & Sons, New York, 
and Chapman & Hall, London. The book deals in 24 Chapters with the practical 
aspects of ore dressing. Chapters 20,21 and 22, pp. 341-434, deal with primary crushing, 
secondary crushing and grinding respectively, with illustrated analysis of the mechanism 
of reduction in the various types of mill. 577 pp. 

2190. The Hydrocydone in Manganese Preparation. (In English.) Tarjan, G, (Sopron). 
Acta tech, hung., 1952, 4, 135-44. See under Classification. 

2191. Modem Ore-Crushing and Classifying Plants. TnxMAisnsr, W. Stahl u. Eisen, 
1943, 63, 273. Descriptions and diagrams are presented of two ore-discharging and 
preparation plants of modem design which have proved to be efficient in practice. 
One plant discharges, crushes, screens and sinters Swedish ores arriving in lighters, 
whilst the other deals with ores arriving by rail. 

2192. Hydrocydones in the Dressing of Ores. Trawinski, H. Chem.-Ir^.-Tech.y 
1955, 27 (1), 13-17. See under Qassification. 

2193. Metallurgical Applications of the Dorr-Cydone. Weems, E. J. Tech. Publ. 
Amer. Inst. Min. Engrs, No. 3093 b; Min. Engng, N.Y., Aug. 1951, 3, 681-90. 

2194. Benefidation Moves Forward. Weiss, N. and Michaelson, S. D. Min. Engng, 
N. Y., 1955,7 (3), 257-69. The trends in crushing, screening, grinding and classification 
of ores are included. (1) Multi-stage wet grinding will relieve the burden due to rod 
TnilliTig becoming unfashio nable 25 years ago. (2) Preference for limiting rod mill feed 
to i in. with 80% passing i in. (3) Trend to eliminate closed-circuit features on acc. 
expense and complexity and use a fourth stage clean-up machine for crushing. This 
would be a Nordberg Gyradine crusher with a 1-in. to f-in. feed. Various newer and 
lar^r crushers and grinders are referred to. 

2195. Impact Crushing for Reduction of Hard Abraave Ores. West, W. W. Min. 
Btgng, N. r., 1952,4 (6), 563-4. The author describes the use of hamme r rr^ in wMch 
both impact and attrition serve to obtain with alumina, quartz and perlite a cubical 
product with a mmimnm of fihes. Illustration showing impact and attrition zone. 
Repair costs are not high. The crusher is comparatively new to industry. There is a 
number of mmftralR for which this method is not suitable. Fundamentals of impact 
crushing axe considered. 

2196. Increasing Effidency in Ore Grindii^ Processes. Zakhvatken, V. K. Min. 
Spb. (Gomyi Zhumal), 1949, (9), 24, 
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2197. Ore Treatment. Zinc Corp., Ltd., and New Broken Hill Staff, New 
South Wales. Chem. Engng Min. Rev., 1953, 45 (2), 50-7. Crushing plant designed to 
handle wet fines. A general description of crushing and screening plant layout; where 
reduction is done by successive cone crushers, then by a rod mill and ball mill respec¬ 
tively. The Symons cone-crushers, rod and ball miUs are described and some data 
given. 

2198. Cru^bdng Manganese Ores in Cone Type Crushers. Zubarev, S. N. and 
Dzinchelaskivi, K. P. Min.J., Spb. {Gornyi Zhurnal), 1950 (2), 38-9. The performance 
results are summarized in six tables. [P] 

PAINT AND INK 

2199. Paint Grii^iiig. See also under Grinding Rolls. 

2200. Lacquer Paste Grinding on a Three Roller Mill. Anon. Amer. Faint J., 1940, 
25,25. 

2201. An Evahiatian of Surface Active Agents in Pigment Grinding. Anon. Faint, 
Oil, Chem. Rev., 23 Nov. 1939, 87-9. Some 50 agents are evaluated for effect on the 
mixing of Titanox C with each of two vehicles. 

2202. Ei^lish Experiences with Paint Grinding Equipment. Anon. Faint Oil, chem. 
Rev., 2 Mar. 1939, 7-9. Discusses the performance of various types of grinding mill. 

2203. Optimum Ccmditions of Operating Ball MHls. Appell, F. Off. Dig. Fed. 
Faint Yarn. Prod. CL, 1950 (303), 315-22. A review, including determination of 
optimum conditions, evaluation of grinding efficiency, operating conditions, charac¬ 
teristics of the vehicle-pigment system (volume ratio of the batch to mill capacity, 
consistency of the batch). 

2204. £?aliiati<m of Fineness, Gar^e, and Paint Film Characteristics based on Particle 
Size Distributioiis mi Foment Dispersions. Baker, C. and Vozzella, J. F. Paint Oil 
Chem. Rev., 23 Nov. 1950,113, 109-20. 54 refs. 

2205. Roll Min, Pebble Mill and Kneader as Pigment Dispersing Equipment. 1-11. 
Baker, C. and Vozzella, J. F. Off. Dig. Fed. Paint Yarn. Prod. CL, Aug. 1951, (319), 
467-89. A technique is described by which mill pastes, with a wide consistency range, 
can be formulated to investigate roU mill operation. A comparative study of production 
capacities of milling methods (pebble mill, roll mill and kneader mill) is described. 

2206. EquijHnent and Methods for Manufacturing Paint. Barkman, A. Amer. Faint 
J., 1950, 34 (40), 24,26, 28; Off. Dig. Fed. Faint. Yarn. Prod. CL, 1950 (308), 630-44; 
Faint. Oil Chem. Rev., 1950, 113 (16). The author thinks that the laboratory results 
can be directly translated to plant practice. Dough mixers, roll, ball and colloid mills 
are discussed. 

2207- Rcdl^ Mill Grinding. A review. Bonney, R. D. Off. Dig. Fed. Paint Yarn. 
Prod. CL, 1944, 237, 345, 358. A summary is given of a number of papers presented 
before the Federation 1923-44. 

2208. Mhdi^ and Grinding. F. Bownes 8c Co. Off. Dig. Fed. Paint Yarn. Prod. CL, 
1938 (176), Paint Oil chem. Rev., 1938,11,318. Experience with different types of 
mill. 

2209. Op^tion of PebUe- and Ball-Mills. Brown, H. M. Paint Manuf., 1949, 19, 
187-91. Various types of ball-mill are described and their suitability for making specific 
paints discussed. When deciding the optimum conditions of grinding, factors such as 
mill size and Lining must be taken into account as well as paint charge, consistency, etc. 
The following types are included: Buhrstone-lined millj Porox-lined mill (synthetic 
silicate), high-speed berylite mill, high-speed chrome-manganese ball mill. 
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2210- The Effect of Mixing and Grindix^ Aids in Relation to Wetting and Disp^ion. 
Daniel, F. K. Off. Dig. Fed. Paint. Yarn. Prod. Cl, 1952 (332), 633-8. The varying 
behaviorir of pigment pastes to which wetting agents are added is considered with special 
attention to flocculation. Grinding aids may not always prove of benefit, but a draw¬ 
back. Deflocculating agents are required which will leave about 10% floanilation. 

2211. The Use of Dispersing Agents m Paint. Daniel, F. K. Off. Dig. Fed. Paint 
Yarn. Prod. CL, 1953, 635-42. A discussion of the use of dispersing agents, and of 
procedures for ascertaining the desirable agent from the numerous compounds 
suggested. 

2212. Roll Mill Grinding. Draper, C. R. Paint Manuf., 1943, 13, 20-1. Hints are 
given for obtaining maximum output and fineness of grind with minimum power 
consumption. 

2213. Ball Mills and Ball Mill Grinding. Draper, C. R. Paint Manuf., 1944,14, 7-8. 
General design features and operation of ball mills (pebbles for white paints). 

2214. Theory and Practice of Single Roll Grinding in the Paint Industry. Edwards, 
M. G. W. Peint-Pigm.-Yern., 1953,29 (1), 30-5. This method of using a loaded surface 
against a revolving cylinder is compared with the mechanism of two-roll grinding. 
Diagrams. The former is regarded as fiflm grinding. 

2215. Ball Mills in the Paint Indostry. Engels, K. Farbe u. Lack, 1949, 55 (11), 
414-20. A critical discussion of the advantages and disadvantages of the use of ball 
miUs for paint production. For large-scale production of paints with reasonable 
fluidity, these mills are well suited, save labour, solvents and time, and give good 
consistency of product: but for small scale-production of speciality product, they are 
impractical. The conditions for most efficient grinding are given in detail. A novel ball 
mill is described. 

2216. Grinding Bar Roller Mills in the Paint Industry. Engels, K. Farbe u. Lack, 
1950,56 (6), 252-7; (7), 295-9. The advantages of these in paint grinding are discussed. 

2217. Novel Ball MiD. Engels, K. Farbe u. Lack, 1950,56 (8), 352-5. Experimental 
data are reported for grinding times for various paints in the novel ball mill previously 
described iu 1949, 55 (11), 414-20. Ball mills in the paint industry. It is shown that 
yields are much higher in the new mill. It is characteristic of the miU that the efficiency- 
rotation speed ratio does not show a sharp peak as in the conventional mill, and, in 
addition, porcelain and steel balls have the same efficiency. L. Schofiel comments on 
this article; 1950, 56 (8), 356. [P] 

2218. Dispersion of Pigments by Ball and Pebble Mills. Fischer, E. K. Industr. 
Engng Chem. (Industr.), 1941, 33, 1465-71. Optimum conditions for the operation of 
steel ball tnilk for pigment dispersion have been investigated experimentally in mills 
ranging from laboratory to production sizes. Microscopic examination of the disper¬ 
sions and the rate of strength development were used as criteria for evaluation. The 
dispersion rates were correlated with baU size, relative volume of ball and mix charges, 
and mill diameter. The charge ratios usually recommended depart considerably from 
optimum mining conditions. By adjustment of the formulation to allow proper cascad¬ 
ing of the balls and by maintaining the charge only slightly in excess of the voids in ffie 
ball mass, milling times can be shortened. Operating in this way, kboratory mills 
provide a close indication of the results obtainable with production size m i l ls. [P] 

2219. The Evolution of Mills for Grinding. Fischer. E. K. Interchem. Rev., 1944, 3, 
91-104. A historical review of the development of grinding mills. Range and utility of 
various mills are defined in terms of clearance between the mill surfaces, the velocity 
relative to each other, and the plastic viscosity of the composition being milled. 

2220. Pigment Dispersirm with Ball- and Pebble-mills. Fischer, E. K., Rolle, C. J. 
and Ryan, L. W. Off. Dig. Fed. Paint Yarn. Prod. CL, 1948 (287), 1050-65. The 
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construction and operation of ball and pebble mills are discussed, including the 
factors of mill speed, nature and load of balls, paths followed by the balls, sizes of 
balls. Generalized recommendations are made that: (1) mill speed should be 50-65% 
of critical centrifuging speed; (2) ball load, to give maximu m cascading of the balls, 
should be 40-55% of total mill volume; (3) dispersion volume, 18-20% of mill volume; 
a charge sli^tly in excess of one filling the ball voids is most rapidly dispersed; (4) ball 
size—^the smallest practicable considered nature and quantity of charge, with a few 
larger balls to assist ball mobility. 

2221. New Grinding Machine. (Ink Mill.) Gerstacker, L. Farbe u. Lack, 1950, 
56 (2), 73. A short note on the construction, mode of operation, handling and output 
of an American ink miU. 

2222. Roller Mill £quii»nent Grant, W. J. Off. Dig. Fed. Faint Yarn. Prod. Cl, 
1949,296,599-605. An account of the development of roller mills and advice regarding 
installation operation and maintenance. 

2223. Working with Roller Mills. Hantusch, O. Farbe u. Lack, 1949, 55 (3), 87-9. 
A description of the adjustments that can be made to roller mills to secure optimum 
performance. 

2224. Practical Aspects of Pigm^t Disp^on. Hoback, W. H. Off. Dig. Fed. 
Faint Yam. Frod. CL, 1951 (316), 255-9. The dispersion characteristics of a series of 
TiOz pigments dispersed in various media in a mixer and ball mill are presented. It 
is found that chemical modification of the Ti02 assists dispersion. Copiously illustrated, 
and shows effect of pigment type, vehicle and milling on dispersion. 

2225. Roll Mill Technique. Hummel, C.J. Oil Col Chem. Ass., 1950,33 (360), 271-7; 
Technical Abstracts, Linoleum Research Council, 1950, (14), 451. This is an important 
contribution to the study of the mechanics of roll mills used for grinding or dispersion 
of a pigment into a mediumu The inaccuracg^ of rolls and their bearings are dealt with. 
Errors incurred are substantial. 

2226. Modem Ball and PehUe Technique. Kendall, S. W. /. Oil Col. Chem.. 
Ass., 1932(15), 66. See^o. 1113. 

2227. Grinding and Mixing. Kleinheldt, H. F. Amer. Paint J., 1951, 35 (41), 68, 
70-4. Discusses correct installation and efficient use of ball and pebble mill s, listing 
the variables upon which efficient operation depends. Reviews briefly the recognized 
methods of mixing, and draws attention to the Abbe Dispersall Mixer, in which a 
milling action is produced by passing the material through the narrow space between 
the stator ring and the mixing disc, which breaks up agglomerates, wets the particles 
and di^erses them in the vehicle. 

2228. Mflling of Oil Paints and Enamels and Means of Intensif^dng and Rationalizing 
^ Process. Kozoun, N. A. From. Org. Khim., 1940, 7, 493-9; Fette u. Seif., 1941, 
48 (7), 480. A survey of the new types of machines developed in Russia and other 
countries. Control of milling by photomicrographic examination. 

2229. Gains New Flexibility. Lehman, C. Chem. Engng, 1953, 60 (10), 244. 
The Selective Hoat-o-Matic ink of paint mill has a floating or feed centre roll whidi. 
allows running with equalized pressures or differential pressures between the two roll 
nips. 

2230. Pahtt Grinding Balls made of Improved Alloy Cast Iron. Longe, K. A. de. Paint 
Yam. Frod. Mgr., 1950,30 (9), 17,22. The use of a martensitic alloy cast iron for the 
manufacture of i>aint grinding balls is discussed. Loss in weight after 5(X)0 hours is. 
compared with that of other balls. 

2231. A Stilly of D^p»sum. Corr^tion between the Variables of a Ball Mill.. 
Maus, L. Jr., Walker, W. C. and Zettelmoyer, A. C. Industr. Engng Chem. {Industr^y 
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1955, 4n (4), 696--706. The study of the dispersion of a pigment in oil was made to 
correlate ball mill variables. An equation is developed which permits the construction 
of a new grinder. 

2232. Principle of Grinding Paint on a CarbOTimdum Stone Mill, Morehouse, G. H. 
Paint Yarn. Prod, Mgr^ 1949,29 (6), 159-63. Stone mills of improved design are efficient 
production units. Control of consistency of stock, and use of grinding aids effect further 
improvements. 

2233. Review of Some Mixing and Grinding Equipmait. Mounisier, S. R. Jr. 

Dig. Fed, Paint Yarn. Prod. Cl.^ 1951, (315), 233-6. 

2234. A Study of the Opthnum Conditions for Pebble Mill Disp^r^ons. O’Neill,. 
J. J. F. and Fremgen, R. D. Off. Dig. Fed. Paint Yarn. Prod. Cl., Oct. 1953, 713-40. 
A discussion of the reasons for aggregated pigment particles and of the methods of 
dispersing them. The physical characteristics of materials are tabulated. The bulk of 
the paper consists of discussion and graphic representation of the results of dispersion 
experiments in pebble miUs for many types of pigment, vehicle and solvent. [P] 

2235. The Quickie—A High Speed Ball Mill for the Paint Lab. Orwig, B. R. Offl 
Dig. Fed. Paint Yarn. Prod. CL, 1954,26 (35Q, 830-6. Prepares dispersions in minutes, 
not hours. Simple to clean; correlates well with production mills. 

2236. A New All-Glass Mill. Pall, D. P. Industr. Engng Chem. {Anal^, 1942, 14, 
346. A new mill has been developed, by means of which inks and paints over a wide 
consistency range can be thoroughly ground without contamination. This new 
apparatus consists essentially of two truncated glass cones, one of which is fitted inside 
the other, together with a plunger feed mechanism which forces crudely mixed ink 
into the annular space between the conical sections, one of which is rotated with respect 
to the other. For example, the outer section of a ground-gjass joint is fitted with a 
plunger at the small end, and ink forced by a rotating appropriately-slotted stopper* 
The efficiency of this mill has been tested relative to that of a laboratory 4 x 8-in* 
three-roller mill as well as hand milling. Advantages are excellent dispersion and. 
freedom from metallic contamination, with whites and light colours. 

2237. Grinding Processes in the Paint li^ustry. Penigault, M. PeinU-Pigm.-Yern.,. 
1947, 23, 270-8. A review of the viscosity fundamentals and their relation to the 
mechanism of paint grinding. Classification of grinding operations. (1) Thick pastes, 
(2) fiuid pastes and (3) plastic pastes. A mathematical analysis of each of these aspects is 
given with graphical representations. 

2238. Improvements in Dyeing. Plauson, H. Engl. Pat. 211178,1922/24; Chem. Age, 
Lond., 1924,10,299. Pigments wholly or partly inorganic are worked into a state of 
fine colloidal suspension, showing a definite Brownian movement as in a non-solvent. 
It is possible to use mineral colours such as graphite, carbon black, lamp black, ochre, 
etc., by means of high-speed dispersing mill such as a colloid mill. 

2239. Kneader Di^rsion of Paints, Enamels and Lacquers. Redd, O. F. Paint Oil 
chem. Rev., 1950, 113 (6), 14-16, 18-20. An account of an investigation undertaken to 
have available information on the wetting and dispersion characteristics of pigments so 
that dispersion equipment could be evaluated from the standpoint of design, applica¬ 
bility, production rate, etc. Practical examples of paste making are given. 

2240. Fundamentals of Roller Mill Grinding. Vasel, G. A. Paint Ind. Mag., 1950, 
65 (3), 52-4. Factors influencing grinding by roller mills are discussed. A hydraulic 
controlled pressure mill is available whereby not only can pressure be precisely ascer¬ 
tained, but greater pressures can be exerted. The absolute speed of the mill is important. 

2241. C<me and Roller Mills. Waeser, B. Dtsch. Farberztg, 1953,7 (4), 125-33, 
A description with illustrations of the types of mfll suitable for paint and pigments. 
Descriptions of the Fuller Peters ring ball mill and of an ultra-emulsifier are included. 
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2242. A Production Grindometer. Walker, W. C. and Zettelmoyer, A. C. Amer, 
Ink Mkr, 1949, 27 (9), 67. An instrument for fineness of grind of non-volatile inks 
consists of a surface with tapered grooves 1/1000 in. deep at one end. The marks 
produced by a scraper indicate oversize particles. 

2243. Investigation of Mechanical Action in Steel Ball Mills. Wheeler, G. B. Paint 
Oil chem. Rev., 1948,11 (25), 12-14. For abstract, see No. 1175. 

2244. Formula for Calculating the Capacity of a Roll Mill. Yoshida, J. /. Soc. 

Rubb. Ind., Japan. 1948, 21, 51-3; Chem. Abstr., 1948, 42 (22), 9227i. For calculating 
the capacity of a miU, the following formula was derived: Q=EWVS'^VD, where Q 
is capacity, JV the length of roll, V the surface speed of the front roll, D the diameter, 
S the slip coefif. 100 x (revolution ratio—1)), E a constant relating to the nip, 

roll temp., etc., n is also a constant. When the formula was applied to actual examples, 
n was found to be 0*447 and E, 8-76 x 10 “^. Calculated Q, showed fairly good agreement 
with values obtained from practice. 

PEAT 

2245. The Processing of Peat. Bord na Mona Experimental Research Station, 
Droicheadnua, Dublin. This station has acquired a reasonably complete list of the 
literatme on this subject and has made many translations from foreign papers. En¬ 
quiries on the processing of peat have been invited by the station. 

2246. The Giktorf D.M.G-3. Disc Pulverizer for Peat Samples. Beresnevik, V. V. 
Peat Ind., Moscow {Torfnaya Promyshlennost), April 1954 (24/25); Fuel Abstr., Nov. 
1954, 4308. A small electricaUy-driven pulverizer for grinding peat to 2-3 mm. The 
feed is through the centre of the stationary disc and ground between it and the rotating 
disc which is eccentric to the extent of 1-2 mm. The discs are shaped as shallow cones 
with cutting edges radially disposed. 

2247. A Small Hammer MiU Produced by Giktorf. Byeryesnyevich, W. and Borisov, 
A, L. Peat Ind., Moscow (Torfnaya Promyshlennost), 1954 (8), 20.2; Translation 467, 
Bord na Mona Experimental Research Station, Droicheadnua, Dublin. A prototype 
of a new design of small hammer mill and the results of its trials are described. Its 
wide introduction for the preparation of test samples is recommended. 

2248. Productiim of Crumb Peat for Gasification. Dubov, A. B. Peat Ind., Moscow 
(Jorfnaya Promyshlennosi), April 1954 (20/22); Fuel Abstr., Nov. 1954, 4307. The 
Institute of Peat, U.S.S.R., has developed a machine which mills peat from the surface 
of the bog, pulverizes it between rollers, forms it into 25-mm pieces by means of a 
grooved roller and allows it to dry. 

2249. Pulverizing of Peat Engler, O. and Mutke, R. International Peat Sym- 
posiuin, Dubl^ July 1954, Sect. D1; Fuel Abstr., Dec. 1954, 5378. Pulverizing tests 
were first carried out on two types of Irish milled peat, a Kramers miU being chosen 
in preference to a ring and roller mill. The power consumption was found to increase 
wi& decrease in particle size of the pulverized product, and decrease with increased 
mill beater speed. It also depends on the peat cpiality, fibrous peat being more difficult 
to grind. To determine the approximate maximum particle size for combustion, firing 
tests were carried out with German sod peat ground to 50 x 50 mm size in a Kramer 
mill. Details are given of the pulverizing miUs, fuel feeding equipment and other sec¬ 
tions of plant. 

2250. The Raw Peat Maceiator of the Temp-2 Excavator. Troib, E. G. Peat Ind., 
Moscow (Torfnaya PromysMennost), 1953, (3), 24-6; Translation 408, Bord na Mona 
Experimental Research Station, Droicheadnua, Dublin. Comparative data on macera- 
tors of the Ragov and Temp Excavator, with respect to some physical properties of the 
final product. 
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PIGMENTS, CHEMICALS, DYESTUFFS 

2251. Plant and Equipment. Anon. Chem, and Process Engng, 1953, 34 (4), 115. 
This water-cooled mill suitable for fine chemicals, pharmaceuticals and anti-biotics 
is provided with a swing hammer working against a series of interchangeable screens 
which grade the material down to 200 mesh. Various sizes and outputs and inter¬ 
changeable parts are noted. Made in the United Kingdom. 

2252. Chemical Engineering at the British Industries Fair. Anon. Chem. and Process 
Engng, 1953, 34 (5), 143, A description of the Intermediate Atomill, especially suitable 
for chemicals, colours, cosmetics, etc., driven by a 10-h.p. motor. Material is pulverized 
by 10 hammers and heat-treated steel liners. 

2253. Micro Grinder. Chem. and Process Engng, 1955, 36 (5), 188. A multi-stage 
hammer mill suitable for dyestuffs, pharmaceuticals, etc. 

2254. Colloid Mills. Grinding experiments with dyestuffs. Microfilm of German 
Documents. Obtainable in microfito or photostat form from Lending Library Unit, 
D.S.I.R. Ref. FD 1157/50, Frames 2460-76. 

2255. Examples of the Application of the Pipette Mefiiod with Special Reference to 
Fineness Investigations of Mineral Pigments. Andreasen, A. H. M. and Berg, S. 
Angew. Chem., 1935, 48, 283; Beiheft No. 14. 

2256. Study of Factors Affecting Grinding Efficiency in Ball and Pebble Mills. 
Baltimore Paint and Varnish Production Club. Amer. Paint 1948, 33 (6), 
A20-1. In laboratory experiments a mill running with a ball/charge ratio of 1-0*93 
gave best results, but on a plant scale 1-1*2 was best. 

2257. The Fineness of Grinding of Pigments. Campbell, G. A. Chem. Age, Land., 
1934, 31, 347; J. Oil CoL Chem. Ass., 1934, 17, 387. A criticism of the method of 
specifying fineness. 

2258. Novel or Improved Device for Use in Grinding Pigment or Other Material. 
Dickinson, W. H. Brit. Pat. 611583, 1949, Two tapered drums are positioned so that 
the inner rotating drum can be adjusted to regulate the grinding pressure between the 
inner and outer surfaces. 

2259. Dispersion of Pigments in Ball and Pebble Mills. Fischer, E. K., Industr. 
Engng Chem. (Industr.), 1941, 33,1465-71. Optimum conditions for dispersion in ball 
and pebble mills. See under Superfine Grinding. 

2260. The Microscopy of Paint and Rubber Pigments. Green, H. Chem. Metall. 
Engng, 1923,28, 53. Apparatus used and examples of dispersion are given. 

2261. Grinding of Dry Pigments. Kunze, E. Farben-Chem., 1938 (9), 189-91; 
Paint Oil Chem. Rev., 1938,11, 319. The use of edge mills, and precautions to avoid 
colour changes with different types of pigments, are described. 

2262. Grinding of Dye Pigments. Kunze, E. Paint Yarn. Prod. Mgr, 1941, 21, 124. 

2263. Jet-milled Pigments. Moore, C. W. Off. Dig. Fed. Paint Yam. Prod. Cl, 
1950 (304), 373-80. In jet milling, particles are reduced in size by impact and rubbing 
between the particles themselves; the mill itself has no moving parts, the particles 
being carried in an elastic fiuid stream travelling at about 300-600 mile/h. about a 
doughnut-shaped tube. It is claimed that this method reduces the individual particles 
to a much finer size, and that the grinds may be controlled to give high unifonnity, 
though they are not adapted commercially for the ultra-fine size (under 1-2 microns 
average particle size). Particles produced in this way tend to be similar in shape, and 
to be smooth ovals or spheroids, without cracks and jagged edges. This has reduced oil 
absorption. Further, in passing through the jet mill, pigments lose most of their 
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entrained and absorbed moisture, and, it is thought, the surrounding molecular layer 
of gas and moisture too. 

2264. Hw Best Pardde Size. Ostwald, W. Farbe^ 1921 (11), 1-12. A discussion 
on the factors concerning particle size of pigments and their behaviour towards light 
and the other paint ingredients. 

2265. Apidicati<Mis of Chemical Ei^ineering in the Fine Chemicals Industry. Peek, 
W, C. Chem. & Ind. (RevX 10 Mar. 1956, (10), 159. The Apex coniminuting miU is 
described and illustrated. It is a very high-speed mill revolving at several thousand 
rev/min. Change from knife-edge action to hammer-face action is made by reversing 
the direction of the motor. The special construction and controls contributing to 
convenience and safety are described. 

2266. Ball Mills fca* Wet Grinding of Pigments. Promnttz, O. Sen. Farberztg, 
1936,41, 136; Chem. Abstr,, 1936,20, 105Q; Paint Oil chem. Rev,, 1936,9,126. Mathe¬ 
matical discussion of the relations of time, quantity of balls and material, and total 
volume. The advantages are emphasized of filling the mill nearly half full of balls 
and then ru nn ing in the wet feed xmtil the mill is nearly three-quarter full. 

2267. ImiaroTem^ts in or Relating to Grinding Mills. Robinson, E. S. & A., Ltd. 
(Nicholas, F. P. and Pegg, C. E.). Brit. Pat. 646526, 1948. Dyestuff pigments or 
pastes are ground between two fnisto-conical members. See under Colloid Mills. 

2268. The Fine Grinding of Colours and Chemicals. Stapleton, W. A. Crush. & 
Grind., 1934, 2, 157-60. The modem methods of combining grinding and pulverizing 
systems with air separation are described. 

2269. Preparation of Colloidal Mineral Colours. Travis, P. M. Bull. Amer. ceram. 
Soc., 1937,16,467. A new method of superfine grinding by the use of compressed air 
is described in outUne. By this method, mineral pigments can be broken down to 
particles of 10 microns or less at low cost. The unit is completely automatic. A method 
and apparatus are also described for measuring particle sizes below 325-mesh, or 
44 microns. 

sand, quartz, glass 

2270. Fine Grinding SmsJl Ceramic Parts. Anon. Ceramic Ind., 1951, 57 (2), 65. 
Some recommended procedures are given for preparing mineral products such as 
glass, quartz, porcelain and synthetic sapphire for grinding. Procedures are suggested 
and notes are given about grinding media. 

2271. Di^t^tionof Lumps in Baked Sand. Fonderie, April 1952 (75), 2898-2902. 
Illustrated survey of equipment available for use in reclaiming used sand. 

2272. Ihe Physics of Blown Sand. Bagnold, R. A. 1949, Methuen & Co. 

2273. Fine Grinding of Glass in Various Types of Mills. Beschoff, F. Chem.-lng.- 
Tech., 1953, 25 (4), 196-8. Experiments were carried out to compare the preparation 

microns and under, in grinding machines, vibratory milk and 
nulls. The degree of pulverization in relation to grinding time was analysed and 
the resulte presented graphically as Rosin-Rammler-Bennett diagrams. Laboratory 
resmts slmwed the performance as judged by the fineness attained in equal times 
to be m the order; grinding machines, vibratory and ball miUs, the last two differing 
less from each other than from the first. 22 refs. [P] 

:p74. Productkm of Graded Glass Sand fay Grinding and Clasrification. Fine, M. M. 
Mm. Ettgng, N.Y., 1950 (2); Trans. Amer. Inst. min. (metall.) Engrs, 187, 385. In a 
I^ratory study of gmding and classification of silica sand, a satisfactory means 
of pr^ucmg the n»diam-fine specification sand desired by producers of flint-glass 
containers was developed. The best procedure consisted of ball-mill grinding and 
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double classification, which gave a properly-sized sand containing less iron than the 
feed. 4 figs., 8 tables. 

2275. The Use of Hammer Mills in the Glass Industry. Jobkes, J. Glastech. Ber., 
1949, 22, 407; 1950, 23, 1507. See under Hammer Mills. 

2276. Hammennills for the Redaction of Sandstone, Kalpers, H. Industrie der 
Steine and Erden, 1953, 63 (Q, 73-4; Abstract in TonindustrZtg, 1954, 78 (3/4), 62. 
Description of rebounding mills which are still being develops with outputs of 
2-250 tons per hour with a power supply of 4-150 h.p. The mill is suitable for limestone, 
burnt lime and other industrial minerals. Cubical shape is characteristic of the product. 

2277. Investigation of Sand Grinding and Calculations fwr EqinpoDt^ NEVSKn, B, V. 
Min, Spb, (Gornyi Zhumal), 1950, (10), 24-6. Results are tabulated of the experi¬ 
mental work on disintegration in a tumbler mill. 3 refs. 

2278. Rod Mill brings Sand Production into Balance. Nordberg, B. Rock Prod,^ 
1953, 56 (10), 101-4. See under Rod Mills. 

2279. Dorr Mill. Expmences with the Dorr Mill in grinding quartz and flint for pottery 
purposes. Odelberg, A. S. W. Trans, ceram, Soc,, 1922-3, 22,1-11. 

2280. The Milling of Pottoy Materials and its Control. Rhjey, A. H. Trans, Brit. 
Ceram. Soc., 1939, 38, 561. The cylinder grinding of flint is discussed. 

2281. Investigations into the Sieve Analysis of Sands and the Presentatlcm of the 
Results. ScHNEiDERHOHN, P. Neues Jb. Miner., April 1953, 85,141-202. 8 refs. 

SEAWEED 

2282. The Scott-Rietz Disintegrator. J. ScL Food Agric., Nov. 1956, 705-10. 
Facts F. Ind., Dec. 1956, No. 573. In the disintegration of seaweed, a prebreaker 
crushes the stones, which fall out as the seaweed is milled by rotating hammers sur¬ 
rounded by a screen of abrasion-resistant steel through which the pulverized mass is 
passed. This mill is particularly appropriate for materials such as seaweed. 

SEED CRUSHING 

2283. Seed Cnishis^. Dean, D. F. Oil CoL Tr. J., 1941, 100, 449-50. A general 
description of seed crushing usually between rolls 5 high, with heating to coagulate 
the albumen, and steaming when necessary. The American hydraulic press process is 
briefly described. 

2284. Effect of Moisture on Grindii^ of Tung Kernels^ and Solvent Extraction of MeaL 
Freeman, et al. Oil & Soap, 1944, 21, 328-30. The efladency of extraction of oil can 
be materially increased by vacuum drying the kernels beforehand. The most efficient 
grinding is at from 6% to 9% moisture content. Above 9% moisture, the efficiency of 
grinding and therefore of extraction decreases. Tabulated data are given. 

2285. Grinder for Material in Suspension. Newell, C. B. and Vincent, E. R. 
U,S. Pat, 2496017; Off. Gaz. U.S. Pat. Off., 1950 (5), 1258. For general purposes but 
particularly intended for flax and other oil-bearing seeds. Capable of being adapted 
as a small portable grinder. The solvent for the oil can be used as the fluid medium, 
the grinding tfllring place by rotation of cutting elements mounted on a vertical shaft 
in close clearance with cutting or shearing elements surrounding. Provision for removal 
of the liquid and solid is noade. 

SUGAR 

2286. Sugar. Edg. Allen News, 1953, 32 (373), 145^48. Modem sugar crushing 
millft consist of six units of three rollers each, 37 in. diameter by 84 in. long. These 
achieve a juice extraction of 96-97%. The rollers are of grooved cast iron. Eadi mill 
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is driven by a 600-h.p. steam turbine. The roUs revolve at 3-4 rev/min. The Mirlees 
crusher is illustrated, together with an illustration of the grooves being machined. 

2287. Experimental Attempt to Determine a Mechanical of the Gus^ of 

g..g.r Cane. Bullock, K. Z.Proc. Qd. Soc. Sug. Cane Tech., 1953 (20), 161-7. Details 
of equipment are given in Sug. Ind. Abstr., May 1953, p. 88. 

2288 Grindii^ Capacities of Sugar Cane Mills. Cabrera, J. W. Trans. Amer. Soc. 
Mech Engrs 1955 77 (5), 485-95. Presented at The International meeting of the 
American Chemical Society, Mexico City, March 1954. The paper describes and 
presents in tabular and graphic form the effects on performance of the cane charac¬ 
teristics, premilling preparation, null and human element variables. Conclusions are 
elaborated in nine paragraphs. 8 pp., 8 tables, 22 graphs. [P] 


2289 Standardization of Sieves and Determination of Grain Size of Granulated Sugar. 
Johnson, J. R. and Newman, J. S. (Amalgamated Sugar Co.). Analyt. Chem., 1954, 
26 (11), 1843-6. Rapid 2-sieve procedure gives information from which average grain 
size and uniformity of grain size of crystalline products can be seen at once. Two-sieve 
calibrating methods described, 3 illustrations, 3 tables, 4 refs. 

2290. Evaluation of Sugar Cane Varieties. A Study of Milling Characteristics. 
Schaffer, F. C. Bulletin No. 2, Louisiana State University, Agricultural and Technical 
College, PnginftftriTig Experimental Station, Baton Rouge, 1954. Pt 1. Summary of 
results for seasons 1950-51. Pt 2, by D. Harlan et al. Summary of results, 1952. 
Results are presented of determinations of the characteristics of new varieties of cane 
before release for commercial production. 


2291. for the Operation of Powder Mills. Wegner. A. Zucker, 1953,6,418-20. 

The operation of sugar mills and precautions against explosions, under thirteen head- 
isgs. Revised regulations are given* 


SULPHUR 

2292. Sulphur Grinding. Anon. Chem. and Process Engng, 1952, 33 (6), 323. Sulphur 
generates electric charges, melts under heat and tends to clog. The usual grinder is the 
piimed disc type. Hardening on the pins entails changing after about 4 hours’ use. 
The Rema ring-roll mill (British Rema Manufacturing Co., Ltd.) avoids these dis¬ 
advantages. It is used with an air separator with oversize return. 

2293. The Grinding and Air Separation of Sulphur. Davis, J. Edg, Allen News^ 
1952,31 (362), 193-5. Sulphur is easy to break down, but the dust is liable to explosion. 
Totally-enclosed hammer mills or pin mills have been used for some time, but the ring- 
roll mill in conjunction with a classifier is finding favour. Means of fire prevention are 
described. 

2294. Screw Crusher Solves Problem for Freeport Gustapson, A. A. Min. Engng, 
1950, 2; Trans. Amer. Inst. min. {metalQ Engrs, 187, 1026; Int. chem. Engng, 

Mar. 1951, p. 130. Ton blocks of sulphur are reduced to conveyor size by feeding 
along a screw in a trough and forced against teeth secured to the side of the frame. 
Details of manufacture from boiler plate, etc. 


WHEAT, FLOUR 

2295. Cast Magnesium Rotor Stands Speeds, Shocks, Stresses. Amer. Foundrym., 

Aug. 1951, 20, 51-2. A cast magnesium alloy rotor has been used in a flour mill. It 
travels at 25 000 ft/min. 20 steel crusher bars inserted in the periphery exert a radial 
load of 3800 lb each. Yet the maximum stress at any point is limited by the ribbed 
design to 2000 Ib/sq. in. The cast rotor has given a satisfactory performance. 

2^. WIk^ Wheat Ground on the Spot by a Portable Stone Mill. Lee Engineering 
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Co. Staff, Milwauioee. Engng^ Oct. 1954, 2^, 61. A portable miniature mill 
been designed for grinding small batches of grain for special purposes, e.g. for whole 
wheat bread. It can produce 60 Ib/h of finely-ground flour from a hopper containing 
200 lb of cleaned grain. A sifter is provided for removing coarser particles if desired. 
The grinding is effected between two horizontal carborundum stones, grooved and 
adjustable. The power input is adjustable quite simply according to hardness of grain 
and rate of feed. The mill is mounted on castors for mobility and is 5 ft 7 in. high, and 
can pass through a doorway. Flour can be produced daily and so avoids oxidation of 
the germ. 

2297. Milling Technique Investigations. Getreide u, Mehl, 1952,2 (4), 41-2. The bran 
separator in modem processing. Report for 1951/52 of the Bundesanstalt fiir Getreide 
Verarbeitung, Detmold. 

2298. Milling with the Hiddema Mill. Getreide u. Mehl, 1953, 3 (4/5), 8. The results 
of researches are: (1) the power requirements are less for the Hiddema Mill than for 
normal mills but this mill is more sensitive to all variations in milling conditions; 
(2) that a lower output from the ribbed mill is not compensated by an improved quality, 

2299. Grinding Investigations. Anon. Getreide u. Mehl, 1953, 3 (4/5), 31-3; 1952/3 
Report of the Institute for Grain Investigation, Detmold, Germany. A comparison 
between European and American interpretation of results. Grinding experiments with 
the Hiddema-Equipment. Graphical representation of moisture changes during 
grinding. The Rosin-Rainmler-Sperling method for evaluating sieve analyses. 

2300. Milling Investigation. Getreide Mehl, 1954, 4 (5/6), 40-2. Laboratory 
investigation has two purposes: (1) to assess the quality of product in large-scale 
production on the basis of examination of small samples; (2) to determine the grind- 
ability of grain. Results of investigations are tabulated for German and American 
wheats and for wheat dried by the new air turbulence methods. 

2301. Rotary Flour Mill. BulL Wash, St, Inst, Tech, Div, industr, Res,^ No. 206, 
April 1950. A higih-speed rotary mill in which the entire wheat berry is ground to an 
exceedingly fine flour; the working smfaces cany serrated steel blades. 

2302. Control of Flour Milling frinn Temperature Recordings of Product. Atkinson 
Milling Co., Minneapolis. Chem, Processing, Jan. 1954, pp. 56-7. See under Auto¬ 
matic Control. 

2303. Flour Milling. Farmer, W. T. Proc, chem, Engng Gr, Soc, chem, Ind,, Viet,, 
1950,32,1-12. A comprehensive illustrated account of wheat processing from reception 
and storage to dispatch of the finished flour. 

2304. Laboratory Milling Investigations with the Buhler Automatic £qui:i^ent 
Flechzig, J. Getreide u, Mehl, 1953, 3 (6), 44-8. (1) Description of the Buhler Auto¬ 
maton. (2) Experimental procedure. (3) The evaluation of results. (4) Reproducibility 
of results. 12 refs. 

2305. Particle Size of Flour. Gwillim, J., Lto. Milling, 23 and 30 Jan. 1954, 101, 
125-6. Facts f, Ind,, 1954, 7 (2), 6-7, The average size of flour particle is normally in 
the 100-150 micron range, with a protein content of about 10%. In tests with a roller 
particle size analyser, flour of 38-46 microns shows a protein content of over 13% and 
gives a larger volume loaf. Gwillim of Petworth produces a flour of which 50% of tl^ 
particles are smaller than 30 microns and none larger than 100 microns. 

2306. Flour Min Machinery for Expent. Haltmeier, O. Progressus, 1952, 4 (E6), 
40-6. A description illustrated, of flour miU machinery with particular reference to 
crushing and grinding machineiy, i.e. the various types of rolls used. 

2307. GrindabiKty of Wheat in Relation to the Variety. Lein, A. and Flechzig, J. 
Getreide u, Mehl, 1956, 6 (1), 1-4. Eight winter varieties of wheat were tested for grind- 
ability and for many other properties and the results tabulated. 



CRUSHING AND GRINDING 


352 

2308. Grooved Rolls and Grinding. Povey, D. W. Northw, Miller. ( Millin g Products 
Sect.), 1953 (150), 23,250. A general review of the influence on grinding results of the 
design features of grooved rolls. 

2309. The PafOTnance of Roller Mills. Pratique, J. Bull. Ec. franc. Meun.y 1952, 
131, 175. The quantitative relations between the amount of feed and speed of rolls 
with regard to amount of hulling and yield of crushed product have been investigated. 
Derived curves and expressions have been evaluated. 

2310. Special Applications of Grinding Machines. Scott, R. A. Chemical Engineering 
Practice^ Vol, 3, Chap. 5, pp. 109-27. Butterworths Scientific Publications, 1957. 
The arrangements and applications of roll crushers, especially fluted roll crushers for 
thd reduction of grain to flour, are described and illustrated. Ajpplications of millstones 
to com grinding are discussed, attrition mills and hammer mills are also discussed in 
relation to flour milling and similar reduction. 6 refs. 

2311. The Grindability of Wheat Seeborg, E. F. Northw. Miller. (Milling Products 
Sect.), 1953, 10 (1a), 249; abstract in Getreide u. Mehl., June 1953, 48. Hard and soft 
varieties were compared, optimum moisture content investigated, and an expression 
was derived connecting the five characteristics investigated. 

2312. Particle Size of Powders. Speight, J. Milling^ 1953,121 (16), 456. Its influence 
on the system of flour manufacture. The adoption of flour of very fine particle size 
might bring about a change in the system of flour manufacture. A special reference to 
the importance of air power is made. 

WOOD FLOUR, WOOD PULP 

2313. Automattc Grinding of Wood Pulp in Rollers. Bonder, M. P. and Janishevski, 
N. P. Pap. Industry, Moscow (Bumashnaya Prom^, 1953, 28 (10), 9-13. Describes the 
operation of various grinders. Graphs, diagrams. 

2314. Groundwood Studies: 2. Effect of process variables on grinding mechanical 
pulp. Holland, W. W. et al. Proc. Canad. Pulp Pap. Ass., 1935,96. 

2315. Groimdwood at 5400 Surface feet/min. Jones, J. B. and Holland, W. W, 
Pulp Pap. (Mqg.) Can., 1942, 43, 141-4. J^erimental work at the Forest Products 
Laboratory, Montreal, on mechanical pulping at stone peripheral speeds of 5600 
ft/min., provided data from which the following conclusions were drawn: (1) produc¬ 
tion is directly proportional to speed; (2) unit energy consumption is independent of 
speed; (3) no measurable changes of pulp characteristics were observed. Four tables of 
results. Tlie data were collected with a 15 x 30-in. stone in a three-pocket grinder. 

2316. In^Hrovem^ts relating to the Production of Wood Flour. Stalinov, Savony 
(Czechoslovakia). Brit. Pat. 647282, 1947/50. For the purpose of retaining the cell 
structure, the wood is fed to the grinding element (disc, drum), so that the fibres lie 
parallel to the axis of rotation of the grinding element, the latter being characterized 
by the provision on the surface of sharp sand in the form of needle-like grains, and a 
speed of2300-3300 rev/min. The conveyor to the grinding element is illustrated. 

MATERIALS, VARIOUS 

2317. Grinding and Treatment of Minerals in Germany, 1939-1945. B.LO.S. Final 
Report, No. 1356. H.M, Stationery Office. Describes the paste conditions for grinding 
barytes in a ball mill, down to less than 2 microns, pp. 16-18, 31-2. 

2318. Swii^ Hamm^ Mills. Anon. Chem. Age, Land., 26 Mar. 1955, 745. A descrip¬ 
tion is given of British J.D. swing hammer mills for the reduction of a large range of 
materials, including roots, bark, copra, cork, com cob, fruit peel, paper, peat, straw, 
town’s refuse, wood refuse and tobacco. The mills have been applied as primary units 
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and in multi-stage milling. The hammer can be used in four positions so as to utilize 
four wearing edges. Capacities 10-250 tons per hour. Product: 80-90% through 
i mesh in one operation. 

2319. Micro Grinder. Chem. and Process Engng, 1955, 36 (5), 188. A multi-stage 
hammer mill grinds dyestujBTs, limestones, gypsum, cocoa, resins, pharmaceutical 
products. Capacities from i to 5 cwt/h from 1 to 25 nucrons, i.e. 325 mesh and finer. 
Machine requires minimum maintenance, little floor space, suitable for rapid cleaning 
where changes of product are frequent. 

2320. Pulverizing 200 Process Materials. Anon. Chem. MetalL Engng, 1938, 45 (2), 
241-2. A tabulation of the answers of 43 manufacturers of pulverizing equipment 
when asked ‘Which of these materials has been successfully ground by your equip¬ 
ment?’ [P] 

2321. Pulverizing Light Materials. Edg, Allen News, 1953, 32 (368), 31-3. Descrip¬ 
tion, with diagram, of a high-speed multihammer mill, suitable for pulverizing light 
materials, as listed, from wood refuse, shellac to chalk and asbestos. 

2322. An Investigaticm into fbe Change in Volume of Varimis Crop Materials by 
Chopping Them. Tech. Memo. No. 60, National Institute of Agricultural Engineering, 
1952. 

2323. Investigation into the Comparative Chop Lei^ths of Chopped by Hiree 
Types of Stationary Chopping Machines. Tech. Memo. No. 63, National Institute of 
Agricultural Engineering, 1952. The machine was a cylinder fitted with sharp knives 
rotating inside a housing fitted with interleaving blunt knives. A table gives data 
relating power consumption with chop lengths. 

2324. The Grajdiic Rej^esentatimi of the Size Distributioii of Fly Braukmann, B. 

TonindustrZtg, 1954,78 (13/14). See under Size Distribution. 

2325. The Properties of Calcined Alumina. Carruthers, T. G. and Gill, R. M. 
Trans. Brit. Ceram. Soc,, 1955,54 (2), 69-81. Pt 11. The behaviour of calcined alumina 
during fine grinding. The mode of breakdown was different for the mono-hydrate 
and tri-hydrate types for the lower calcination temperatures from 1200°C onwards, 
but as the calcination temperature was increased both types became similar to one 
another. Until at 1700®C their behaviour on grinding resembled that of fused alumina. 
Comparison of surface area values indicated that the grinding process consists largely 
of a breakdown of aggregates. The behaviour on grinding therefore depends on the 
type of hydrate and on the conditions of calcination. 

2326. Tumbling or Barrel Fiiiishing. Cox, H. Technical Information Service, National 
Research Council, Ottawa, Ref. No. 33, Nov. 1953. An accoimt of the various mothers 
of finishing small parts by tumbling. The media used and the results obtained. Extensive 
bibliography. 7 pp. 

2327. Talc. Eugel, A. E. J. Min. Engng, N.Y., 1949, 1; Trans. Amer. Inst. Min. 
{Metall.) Engrs, 1949,184,345. The Wheeler mill and the micronizer have been applkd 
to the grinding of talc to 1-20 micron size. 

2328. Unusual Techniques in Grinding. (Lead Oxide.) Foote, J. H. Chem. Engng 
Progr., 1953, 49 (2), 71. Done in a ball with a dustless discharge housing and 
controllable air drau^t. The charge is lead balls or slugs only. The flakes detached 
during grinding become oxidized with the heat developed (at 250®F). Further heat is 
developed and the min operates between 300° and 400°F. The outside of the mill is 
Water cooled if necessary, the cooling being controlled by a thermostat at the disetor ge 
end of the mill. The product is 80% lead oxide and 20% metallic lead, not pure enough 
for chemical litharge but suitable for battery plates. 

2329. Types of Grinding MiDs. Foote, J. H. Chem. Engng Progr., 1953, 49 (2), 72. 
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It might be weU to note that it is almost a physical mpossibiUty to develop free- 
0oS fiteous powders in impact pulverizers. If such a product is required, it is 
necessary to use ball mills or similar equipment. 

A romDatison of Size Determinations of Duplicate Samples of Hy Ash. 
hSSn W C.^d Reynolds, D.F.,Jnr. Combustion,N.Y., Augjl954 41-6;abstr^ 
£ Sfe Technical Review, 1954, 3 (11), 112. A deviation of 10-15% pomts to the 
need for some standardization of methods. 

2331. Determination of the Specific Surfed of Bmum Snlptote. Com^n 
Results by Different Methods. Jopung, E. W. J. appl. Chem., 1952, 2 (11), 642 51, 
See under Surface Area Determination. 

2332. Die Estimation and Ccrntrol of the Efficiency of Chocolate Refinuig Oi^tic^. 
Kelleher J British Food Manufacturing Industries Research Association Scientific 
^"Sicall^L NO. 29, My 1956, 19 pp The de^ee of com^Mon of ^ 
sugar and cocoa particles is one of the factors which most markedly affect ^ i^at- 
ability of chocolate. As part of the investigation mto the conu^ution ^d particle 
size of chocolate ingredients, the classical theories and Bond s tiurd theory were 
studied and it was shown how they may be derived from the same matheiMtical basis. 
Two further methods for the assessment of power requirements based on Bonds 
law are proposed, and an example is given of the appli^tion of ffie three laws to a 
practical refining operation. The advantages of closed circuit grmdmg are discussed. 
21 refs. 


2333. Chemical Engmeering Techniques. Lamer, E. E. and Heckman, R. F. 1952, 
Reinhold Publishing Corporation, New York, pp. 133-5. Reduction of fibrous 
materials. These often resist efforts to reduce them to uniform size, e.g. rubber, rags, 
paper, plastic scrap, leather, wool, bark and agricultmal wastes. Tearmg or cuttmg 
with knives is effective and pre-treatment such as cooking or steaming under pressure 
are effective and reduce energy requirements and wear. Hammer mills, knife cutters, 
saw-tooth disintegrators, sheers (for beet) and other specialized maclmes are used. 
Explosive disintegration (the Masonite process) is successful, but chiefly for wood 
waste (stumps, etc.). 

2334 A New Pulvariziiig Process for Agricultural Products. Lengelle, M. Industr. 
agric., 1954,71 (7/8), 617; Getreide u. Mehl, 1955,5 (1), 6-7. An air attrition pulverizer 
is illustrated but not described. Its advantages in use are presented. 


2335. Unsolved Problems in the Production of Chocolate. Lipscomb,, A. G. Chem. & 
Ind. (Rev.\ 6 Nov. 1954,1369-76. Methods of testing the particle size of ground and 
conched cocoa are described, and the Baheo classifier (centrifugal) is illustrated. 
Complete particle separation into eight grain sizes need not exceed two hours. 

2336. The £^ect of Very Fine Grinding the Crystal Structure of Mica Minerals. 
Mackenzie, R. C. and Meldau, R. Ber. dtsch. keram. Ger., 1956, 88 (7), 222-9. 
Muscovite and vermicuhte were ground wet and dry for 24 hours, and the products 
examined chemically, theimally, spectroscopically, with X-rays and by miCTOSCOpe. 
Results of examinations agreed that there was less attack with wet grinding, that 
with dry grinding the particles tended to break in all directions, whereas with wet 
grinding the tendency was to break along the laminae. After 24 hours’ dry grinding, 
both muscovite and venniculite product proved to be rounded particles under micro¬ 
scope examination. 

2337. Effect of Grinding on Mica. Mackenzie, R. C. and Milne, A. A. Clay Min. 
Bull, July 1953, 2 (9), 57-62. The effects of long grinding on muscovite, biotite, and 
venniculite are described. Anomalies in behaviour are referred to. 


2338. Protem Pro^cthm frcmi Green Leaves. PnuE, N. W. World Crops, 1952, 4, 
374. A mill suitable for recovering the succulent parts of leaves consists of a double 
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beater, one arm working at a different speed from the other. A 20-h.p. motor drives 
this machine, which is claimed to produce up to 6 tons per hour of useful ground 
material. 58 beater arms are carried on the axial shaft, which is enclosed in a drum 
4 ft 6 in. long by 3 ft diameter. The mill cannot become choked and has given many 
hundreds of hours’ satisfactory running without damage by stones, etc. The machine 
is a modified form of the ‘Coir Sifter’ made by Christie & Norris, Ltd. It is used for 
routine protein production at the Grassland Research Station, near Stratford on Avon. 

2339. Ball Milling of Pure Ceramic Bodies. Schofield, H. Z. Bull. Amer. ceram. Soc., 
Feb. 1953,32,49-50, 51, Reviews experience in laboratory on ball milling pure ceramic 
bodies to very fine grain sizes without contamination. MiUs lined with Be, C, or rubber, 
and employing balls of Be, Zr, Zr02, MgO and C have been used successfully in various 
combinations, to mill BeO, ZrOa, Mg, 2rC, and graphite. 

2340. Fine Grinding of Colours and Chemicals. Stapleton, W. A. Crush. ^ Grind.^ 
1934, 2, 157-60. Modem methods of pulverizing with air separation are described. 
The pulverizing of various materials, e.g. colours, chemicals, lime, sugar, coal, gums, 
pitches, etc., are used in illustration. 

2341. Industrial Minerals. Taggart, A, F. Handbook of Mineral Dressing (Sect. 3, 
1-124). 1945, Wiley & Sons, New York; Chapman & Hall, London. The mechanical 
treatments of 45 industrial minerals are suminarized, to include flowsheets and sum¬ 
maries of the practice at individual mines. 

2342. New Fine Grinding Method, Trauefer, W. E. Pit & Quarry, 1950,43 (2), 58-62. 
See No. 1584. 

2343. Technology and Economics of Ground Mica. Tyler, P. M. Tech. Publ. Amer. 
Inst. Min. Engrs, No. 889, 1938, 17 pp. General features of the mica industry. Diy 
grinding and wet grinding. Old and modem methods. Principles of separation. Power 
consumption. 7 refs. 

2344. Vermiculite. Varley, E. R. (Colonial Geological Surveys, Mineral Resources 
Division). 1952, H.M. Stationery Office. The methods of winning, preparing and using 
vermiculite are described. Hammer mills preceded by rolls are briefly mentioned. 
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SIZE AND AREA DETERMINATION 

2345. Particle Bank. Stanford Research Institute, Menlo Park, California (a five- 
dollar handling fee is charged). Closely-sized particles for calibrating aerosol measuring 
equipment used in smog studies. 

2346. A Bibliography on Particle Size and Surface Area Determination (with brief 
abstracts). Research Council of the British Whiting Federation. Pt I, May 1950, 1-266. 
Pt n, Dec. 1951, 267-550. 

2347. The Physics of Particle Size Analysis. Brit. J. appL Phys.^ Suppl. No. 3, 1954. 
Contains the 42 papers and discussion presented at a symposium held by the Institute 
of Physics at Nottingham, April, 1954. The papers are presented in eight sections: 
Relative motion of particles and fluids—size separation. Molecular phenomena. 
Scattering and absorption of light by particles. Particle shape factors. Visual counting 
and sizing of microscopic particles. Automatized counting and sizing—theory. Photo- 
electronic machines. General. Summary of conference by H. Heywood. 

2348. Symposium on Particle Size Analysis. (Institution of Chemical Engineers and 
Society of the Chemical Industry.) Trans. Instn chem. Engrs, Land., Suppl., 1947, 25, 
145 pp. Some features of the papers are: The sedimentation fineness of barium sul¬ 
phate, chromic oxide and pyrolusite, by Andreasen. Critical analysis of methods, by 
Heywood. Physical factors governing sedimentation, by Davies. The limited application 
of the heat of wetting method, by Gregg. Electron microscope resolution, by Walton. 
The need of a planned study for correlating data on pigments and the effect of size in 
paints, by Newman, The importance of particle size of powders used in the radio 
industry, by Smith. A new sedimentation apparatus, by Stairmand. 

2349. Bibliograirihiy on the Technol<^ of Fine Partides. O.T.S., U.S. Dept. Commerce, 
Washington, IR 12827. Copies available from Lending Library Unit, D.S.I.R. 69 
references on size or surface determination, for the period 1948-53. 

2350. The Apidication of Methods of Particle Size and Surface Area Determination 
of Wbitii^. Bessey, G. E. and Soul, D. C. Brit. Whiting Fed. Res. Ass. Tech. Note, 
No. 27; Brit. J. appl. Phys., 1954, Suppl. No. 3,181-9. A review of methods available for 
measuring particle size and surface area. Size is determined directly by wet sieving and 
sedimentation. Area is measured by methods based on nitrogen adsorption, air 
permeability, and li^t absorption of a dilute suspension. It is considered that wet 
sieving and sedimentation procedures together give adequate and reliable data for the 
size distribution of whiting. 

For the various methods of surface determination, agreement is poor, although the 
results are of the same order. Internal cracks make the nitrogen adsorption results 
hi^er than others, and the process is lengthy. The air permeability method gives a 
measure of effective surface and is rapid. The optical method results do not show good 
correlation with those of any other method. 

2351. hBcr^mtics. Daixavalle, J. M. 1948, Pitman, New York, Chap. 3. Shape 
and Size Distribution of Particles. Chap. 5. Theory of Sieving and Grading of Materials. 
Chap. 12. Ihdudes Crystal Growth and Granulation. Dust Explosions. Chap. 16. 
Determioation of Particle Surface. Chap. 17. Muds and Slurries. Physical Properties. 
Consistency. Coagulation. Settling of Suspensions. Chap. 18. Transport of Particles. 
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Chap. 19. Dust Oouds. Chap. 20. Atmospheric and Industrial Dust. Chap. 21, Collec¬ 
tion and Separation of Particulate matter from Air. Chap, 22. Theory of Fine Grinding. 
Chap. 23. Sampling. 

2352. Particle Si^. Forsyth, T. L. Mfg Chem., 1953,24 (7), 287. The many different 
methods may be divided convemently into two classes: those which measure particle 
size directly, and those which measure primarily the surface area. The former group 
includes: microscopy, sedimentation, elutriation, centrifuging. X-ray diffraction, light 
difiOraction. The second class includes: adsorption (radioactive indicator, dyes, gas), 
permeability, heat of wetting, rate of solution, bulk density, tinting effect. 

2353. The Heywood Photoelectric SedimentcHneter. Grifl5n and Tatlock Catalogue, 
No. 16 B-S, pp. 14-15. A description, drawing and photo, of the Heywood photo, 
extinction apparatus on an optical bench 20x2i in. The surface area of a powder 
is derived by the given formula from the indicator reading immediately after stirring 
in the cell (10 cm high)^ or else a succession of readings as the suspension settles will 
enable the size distribution of the sample to be calculated, 

2354. Methods of Sizing Analysis. Heywood, H. Chemical Engineering Practice^ 
Vol. 3, Chap. 2, pp. 24-47. Butterworths* Scientific Publications, 1957. Includes 
methods of surface area determination and the effects of shape factors. 30 refs. 

2355. Science of Fine Powders and its Application. Makishima, S. Kagaku {Science) 
<in Japanese), 1954,24,452-7; Chem, Abstr., Nov. 1954,48 (21), 12508. A review of the 
physical chemistry of fine powders. 

2356. Physics of Particle Size Analysis. Morgan, B. B. and Badzioch, S. BriL Coal 
Util Res. Ass. Review, No. 138, July 1954; Mon. Bull. Brit. Coal Util. Res. Ass., 
1954, 18 (7), 301-11. Review of papers presented at a conference convened by the 
Institute of Physics and held at Nottingham University on 6-9 April 1954. The subject 
is reviewed xmder six headings : (1) visual sizmg with the microscope; (2) automatized 
counting and sizing; (3) particle shape factors; (4) scattering of li^t; (5) relative 
motion of particles; (6) aggregation and adhesion to solid surfaces. 

2357. A Rapid Method for the Determination of the Specific Surface and Mean 
Particle Size of Black Powders. Mott, R. A. and Frith, F. J. Soc. chem. Ind., Lord., 
1946,65,81-7. The tinting strength test has been standardized so as to obtain complete 
dispersion of carbon blacks down to 50 micro-mu, the standardization having been 
done with the electron microscope for the range 300 to 30 micro-mu. The relationship 
between surface area and mean size for spherical, cubic or slightly prismatic particles 
is discussed, and this shows the validity of the method in the subsieve range down to 
30 micro-mu for black powders. The method has been studied in relation to the fine 
grinding of coke and coal and should be applicable to white powders if suitable stan¬ 
dards can be chosen under the electron microscope. The method is simple, requires 
little equipment and is very rapid when once learnt. 

2358. Sabsieve in Mineral Dressing. Pryor, E. J. Min. Mag., Lond., June 1945, 72, 
329-40. Indicates the need for more analytical work and a standardized manipulation. 
The three main methods of estimating ^e physical condition of the —200 mesh are 
described. 

2359. A Comparative Study of the Structure of Porous Glasses by Adsmptkm Methods 
and Electron Microscopy. Zhdanov, S. P. and Grebensoiikov, I. V. C.R. Acad. ScL, 
U.R.S.S. [Dokl. Akad. Nauk), 1952, 82 (2), 281-4. The porous glass is manufactured 
by a process of leaching alkali borosilicate ^ass by dilute acid. The resulting character 
of the porous ^ass is discussed. 

size determination 

2360. Symporium tm New Methods f<Mr Pardde Size Determination in the Subrieve 
Ra]^. American Society for Testing Materials, 1941,111 pp. 
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2361. Tentative Standard C, 204-46T. Fineness of Portland Cement by Air Per¬ 
meability Method. A,S,T,M. Stand., 1949, Pt 3. Diagram and specification of the 
Blaine apparatus. Formulae and tables for calculation. 

2362. Particle Size Distribfiti<m Analyser. The Micrtnnerograph. Anon. The Shaiples 
Co., Bridgeport, Conn., announces the ‘micromerograph’ which has been tested for 
particle size distribution of fiour, etc., at ranges of 1-250 microns. The sample of 
about O'l g is de-agglomerated by being blown in a stream of dry nitrogen through a 
slit into the air sedimentation column. The powder settles on to an automatic torsion 
balance pan and the weights recorded on a time chart or converted for recording into a 
weight/density record. The balance arm is maintained in the null position. The probable 
error is about 3% as compared with a possible error by microscope of 150%. Illustra¬ 
tions, performance data graphs. Chem. Age, Land., 1955, 26 Feb., 526; Engineer, 
Land., 1955, 25 Feb., 283; Chem. Engng, Sept. 1953, 250-1; Food Engng, Dec. 1953, 
71-2, 136-8. British Chem. Engng, 1956, 1 (6), 306-11. 

2363. Particle Size of Powders. Anon. Chem. Age, Land., 1 July 1956,75 (1930), 24. 
Two new instruments by Electroselenium are: (1) the “1^1” powder reflectometer, 
which is claimed to determine accurately the specific surface of small powders, less than 
one micron, by the Tinting Strength method, and can be used by unskilled persons; 
and (2) tiw “Eel” photoextinction sedimentometer, which enables particles in the sub¬ 
sieve range to be accurately sized. 

2364. Talc and Otiber Powders. Anon., Paint Manuf,, 1949, 19, 405. A resume of the 
results of the work of Rossi and Baldacci {Chim. et Industr., 1947, 58 (9), 223-7) and 
of Martin {ibid., 1941, 46, 590) on size determination. 

2365. Size Distribution of Fine Powders. Engineering, Lond., 1955, 25 Mar., 378-9. 
The Micromerograph of Sharpies Centrifuges, Ltd., Stroud, Glos., is described and 
illustrated. A time chart recording the weight of the pan is read by means of a template, 
to give the weight of particles smaller than a given diameter, after dividing by the 
square root of the density. If required a template for each density can be provided, 
in order to avoid calculation. 

2366. Measiffii^ file Particle Size of Powders. Lab. Bract., 1956, 5 (8), 320 pp. 
The Eel powder reflectometer is claimed to determine specific surfaces of powders 
below 1 micron quickly and accurately. (Evans, Electro-Selenium, Ltd.) 

2367. Particle ^ and Fine Grinding. Sci. Libr. Bibliogr. Sen, 1941, (560), 539, 215. 
A selection of the more theoretical treatments, 1924-41. 40 refs. 

2368. X-Ray Studies of Particle Size in Silica. Aborn, A. H. and Davdoson, R. L, 
L Franklin Inst., 3yly 1929, 57-71. Describes apparatus and method for the determina¬ 
tion of size of silica particles by X-ray diflBraction. Diflraction patterns vary greatly 
wi& diSerent samples of the same “average size” when the skre distribution varies. 
Microphotometric studies on the X-ray patterns show a strai^t-line relationship 
when certain areas from the microphotometric curves are plotted on log paper against 
avera^ size if the size distribution is the same. Where size distribution varied, the 
results were not in accord. Quantitative measurements of size by X-ray diffraction are 
therefore not yet satisfactoiy. 

2369. Abia^ of Nine Mmaab of Sand Size in Ball Milb. Alung, H. L. Amen J. 
Sci., 1951, 249, 569. The results from dry tests show that each mineral hfly? its own 
pecuharities. The multiplicity of nwthods for size analysis necessitates better codifica¬ 
tion and the establishment of conversion factors. 

2370. The MeasnrwMnt of Particle Size Dfetribution by Sedimentation Methods. 
Ams^ E. H. and Scott, B. A. J. appl Chem., 1951, 1, Suppl. Issue No. 1, S. 10. 
Confined to pipette method of sampling a suspension. 

2371. On Oe Validity of Stc*«s’ Law f«r Non-S^cal Particles. Andreakn, 
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A. H. M. KoUoidzschr.^ 1929, 48 (2), 175-9. Proves Stokes’ law theoretically and 
practically for spherical particles of less than 85 microns diameter, using spherical 
quartz particles in water. Shows that coxmting and weighing method to obtain average 
diameter of particles greater than 5 microns is correct to 1~2%. Separates particles 
by sedimentation with repeated decantings and determines a constant, use of which 
Stokes’ law applies to groxmd particles. 

2372. The Results of Some Experiments on the Relation between the Size Distribution 
of Granulated Materials and the Free Space. Andreasen, A. H. M. and A>iderson, J. 
Kolloidzschr,, 1930, 50, 217-28. Data are presented in tabular and graphic form; 
and expressions are derived for the free space in single, and mixtures of, particle sizes. 
The significance in grinding is discussed. 

2373. An Apparatus for Particle Size Estimation by the Pipette Mefiiod with Special 
Reference to Industrial Application. Andreasen, A. H. M. and Lundberg, J. J. V. 
Ber. Dtsch, Keram. Ges„ 1930, 11, 249-62; Kolloidzschr., 1929, 49, 48-51, 253-65. 
Experimental results are tabulated. These demonstrate the reliability of the apparatus. 
Examples of its application are presented, e.g. to iron oxide, blanc fixe. 10 refs. {See 
also Andreasen and Berg, 1935, under Pigments.) 

2374. Determination of the Particle Size Distributimi of Commercial Products in 
Powder Form by the Pipette Method. Andreasen, A. H. M. Chim, et Industr,, 1953,70, 
863-7. 

2375. A New Method of Expressing Particle Sphericity. Aschenbrenner, B. C. 
J. Sediment PetroL^ 1956, 26 (1), 15-31; Ceramic Abstr.y 1956, 39 (11), 250. A method 
for tridimensional shape analysis is described and an expression derived. 

2376. Grain Size Separation by Means of Centrifuging. Avy, A. and Railliere, R. 
Chim, et Industr.^ 1953,69 (3), 431-4; Industr, Diam, Rev,, 1954,14 (161), 82. See under 
Classification. 

2377. Small Spherical Particles of Exceptionally Uniform Size. Backus, R. C. and 
Williams, R. C. /. appL Phys,, 1949,20 (2), 224-5. A certain polystyrene latex contains 
particles of a uniform size of2500 ± 250A in diameter. Their use in electron microscopy 
is described. 

2378. Review. Bell, S, H. Chem. & Ind. (Rev,), 1953, (38), 994. Review of book by 
H. E. Rose, entitled The Measurement of Particle Size of Very Fine Powders. 1953, 
Constable, London. 9s. Od. 

2379. Roller Type Applicator Fineness of Grind Gauge. Bernstein, I. M. Industr. 
Engng Chem. (Industry, 1950,42 (5), 908-14. Describes a modified roller type Hegeman 
gauge block. The Chaimels 10. in or more long are 0-001 in. at the deepest end and 
each division represents a change of 2-5 microns. A roller applies the paint or other 
material, and a scraper knife removes surplus material. The length of ribbon, or better, 
the onset of scratching denotes the particle size. The theory of this test is discussed, and 
the importance of particle shape on scratching. The author demonstrates that the test 
measures the aggregate size rather than the true particle size and that the results depend 
upon the degree of dispersion in the media. It is demonstrated that with very fine 
suspensions the particles may form aggregates which are sometimes surprisingly large. 
The test may be used also for dry powders which, for the test, are dispersed in a liquid. 
For printing inks, etc., the method only evaluates the oversize range rather than the 
whole range. 

2380. A Sedimentadcm Method for the DetermiiiatkHi of the Particle Size of Finely 
Divided Materials. Bishop, D, L. Res. Pap. U.S. Bur. Stand., No. 642, Feb. 1934, 

11 pp. 

2381. The Blytfa Elutriatm*. See under Pryor, Blyth and Eldridge. 

2382. Smue Remarks Ccmceming Qose Paddug of Equal Spheres. Boerddk, A. H. 
Philips Res. Rep., 1952,7 (4), 303-13. Thrpe criteria are stated for estimating the mean 
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density of local configurations. Some configurations are described which may have 
a local mean density exceeding that of close packing. It is proved that the maximum 
number of spheres simultaneously touching a sphere is twelve. 6 refs. 

2383. Impingement of Particles on Obstacles in a Stream. Bosanquft, C. H. Heat. 
Vent. Engr, 1953, 26, 308-52. 

2384. A Sedimentation Balance for Particle Size Analysis in the Subsieve Range. 
Bostock, W. /. scL Instmm., 1952, 29, 209. The sample, say half a gram, is dispersed 
in a suitable liquid and transferred to a sedimentation tube, closed at the bottom by the 
pan of a torsion balance. A weight-time record enables the size distribution to be 
calculated. The method is suitable for sizes 2-75 microns. Obtainable from 
manufactmers. 

2385. A Hydrometer Method for Making Mechanical Analysis of Soils. Bouyoucos, 
G. S. Bull. Amer. ceramic Soc., 1935, (14), 259. 

2386. Arithmometry. A New Technique in Particle Counting. Brech, F. and Jones, 
A. R. Analyt. Chem., 1955, 27 (2), 319. Abstract of paper to Pittsburgh Coirference on 
Analytical Chemistry and Applied Spectroscopy, Feb./Mar. 1955. A new instrument 
is developed for accurate counting to given size ranges. An accuracy of 3% is indepen¬ 
dent of shape or size, within given limits. A fixed focus microscope is provided with 
scanning stage, light source, aperture system, photomultiplier and scaling circuits. 

2387. Particle Mechanics. Brown, R. L., Hawksley, P. G. W. Times Review of 
Science, Summer, 1954, pp. 6-8. An outline of the field of particle mechamcs from 
electronic counting to fluidized bed phenomena. Illustrations of some of the phenomena 
are described. 

2388. Particle Size Determination. Cadle, R. D. Interscience Publishers, Ltd., 
New York and London, 1955. Interscience Manuals, 295 pp., illustrated. The first 
three of the ten chapters deal with: (1) significance and applications; (2) treatment of 
data including distribution functions; (3) sampling methods and choice of techmque. 
The remaining chapters are devoted to: (4) optical microscopy with a brief reference 
to electronic scanning; (5) electron microscopy; (6) sieve analysis and dimensional 
calibration; (7) sedimentation and elutriation; (8) surface area measurements (20 pp.); 
(9) optical methods; (10) miscellaneous methods (pp. 286-297). References after each 
chapter. 

2389. The Preparation and Assessm^t of Size-Graded Mineral Samples. Cart¬ 
wright, J, Min. Fuel and Bower, Safety in Mines Estab., Res. Rep., No. 128, Aug. 1956, 
59 pp., 4^?. 6d. The report discusses methods of preparing samples of minerals and coal 
of graded size. Particles of greater than 2 microns Stokes diameter are prepared by 
sedimentation, and the distribution determined by microscope; smaller particles are 
separated by centrifuging and the distribution determined by electron microscope. 
Comparison is made between various methods of size distribution. The relationship 
between various statistical diameters is demonstrated, and a quick method is given for 
the evaluation of the volume-surface diameter (ND^/ND^). This diameter is used for 
calculating the specific surface of the materials and in comparing projected area dia¬ 
meters with Stokes’ diameters. A statistical treatment is given for estimating the 
error in the calculated value of the volume-surface diameter resulting from random 
fluctuations in counting. 14 figs, 16 tables, 27 refs. 

2390. Particle Size Distributioa firom Ai^ular Variation of Intensity of Forward 
Scattered Li^t. Chin, Jin Ham. Dissertation Abstr., Ann. Arbor., Mich., Publication 
No. 12 551, 1955,15 (8), 1361. An integral formula based on modified Bouguer-Beer 
light transmission equation was used to compute the size distribution of particles, 
large by comparison with the wavelength of the incident light. Greater accuracy was 
found by the moving pinhole method *and by the microdensitometric method than by 
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the lens-pinliole method. The possibility of the use of a high-speed measuring and 
computing system was considered. 

2391. Volume-shape Factor of Particulate Matter. Probable Errors in the Computation. 
Dallavalle, J. M. and Goldman, F. H. Industr. Engng Chem. {AmL\ 1939, 11, 
545-6. 

2392. A New Tedmique for Particle Size Analysis by Centrifugal Sedimentation. 
The Bahco Separator. Donoghue, J. K. and Bostock, W. Trans. Instn chem. Engrs, 
Land., 1955, 33, 72-7. Existing methods are reviewed and the theory of centrifugal 
sedimentation is discussed. Previous work has been carried out almost entirely with 
cylindrical tubes. The present apparatus employs a conical bowl with stepped or ter¬ 
raced side, and mounted on a shaft revolving at 480 or 1500 rev/min. The vertical face 
of each step is provided with a removable copper strip for deposition of the sediment, 
drying and weighing (after draining the bowl while still in motion). The advantages of 
using the variable suspension height method as provided by the steps are discussed. 
In addition the present method avoids the effects of tangential forces normally observed 
in deposition on the sides of tubes. The size distribution is calculated from the dry 
wei^ts of sediment and the dimensions of the bowl and steps. See also Avy and 
Raill^re, under Qassification. 

2393. Particle Size Distributioii Analysed Quiddy and Accurately. Badie, F. S. and 
Payne, R. E. Iron Age, 2 Sept. 1954,174 (1), 99-102. An instrument determines sizes 
from 1 to 250 microns for use in powder metallurgy, ceramics, abrasives, powder 
cutting and air pollution control. A cloud of dry particles is introduced at the top of a 
sedimentation column and fails on to the pan of a sensitive torsion balance. 

2394. Horizontal and Vertical Elutriarion. Eder, T. Berg.-u.-Huttenm. Mh., 1949, 
94 (4), 86. A description is given of methods of horizontal and vertical elutriation of 
mixtures of various particle sizes, with a formula for calculations for use with the 
horizontal method. For particle sizes above 0*8 mm a wet screening method is recom¬ 
mended with an accuracy of 95-80% separation, for sizes 0*8-0*2 mm vertical elutria- 
tion is advocated as giving an accuracy of separation of 90-75% and horizontal elutria¬ 
tion with an accxnacy of 60-40% separation for particle sizes below 0-2 mm. 

2395. Development in the Tecimiqne of Partide Sizes Analysis by Microscopical 
Examination. Fairs, G. Lowrie, J. R. micr. Soc., 1951,71,209-22. 

2396. The Technique of Particle Size Analysis in the Sid>-SieYe Rai^. Fairs, G. 
Lowrie. Symposium on Mineral Dressing, London, 1952, Paper No. 7. Institution of 
Mining and Metallurgy. The author has selected four methods for critical review. 
These are: (1) the graticule methods; (2) sedimentation; (3) air elutriation; (4) specific 
surface determination (permeability method) as a check on fineness, particularly for 
pigments. Illustr. Tables of accuracy factors. Published in Recent Developments in 
Mineral Dressing, 1953, Institution of Mining and Metallurgy. References given are: 
(1) Fairs, /. R. micr. Soc., 1951, 71, 209; (2) Fairs, Chem.&lnd. {Rev.), 1943,40, 374; 
(3) Carey and Stairmand, Proc. Instn mech. Engrs, Lond., 1938,140,314; (4) Stairmand, 
Engineering, Lond., 1951, 171, 585; (5) Caiman, J. Soc. chem. Ind., Land., 1938, 57, 
225; (6) Rigden, J. Soc. chem. Ind., Lond., 1943, 62, 1; (7) Peckover, Commonw. Engr, 
32, 211, 1945. 

2397. Ay&cage Diamet^ of Partides just passing the 325-Mesh Sieve. Friits, S. S. 
Industr. Engng Chem. {Anal^, 1937, 9, 180-1. 

2398. Analysis of Partide Size with Hydrometer. Gandahi, R. Geol. Fdren. Stockh. 
Forh., 1952, 74 (4), 497-512; Swedish State Road Inst. Rep., No. 22, 1952, A time 
saving procedure is described which allows say ten determinations a day. Comparison 
tests with pipette method give reasonable agreement. 8 figs., 8 refs. 

2399. Sizing by Elutriation of Fine Ore Dressii^ Products. Gaudin, A. M., Groh, 
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J. O. and Henderson, H. B. Industr, Engng Chem. (Industr,)^ 1930,22,1363-6. Describes 
sizing by sedimentation and by elutriation. Gives volume of H 2 O required for ditferent- 
size products with three different-size elutriators, also correction factors for tempera¬ 
ture and for acetone. Uses 1 g NaOH to 20 litres H 2 O and 1 g CaCl 2 to 20 litres H 2 O 
for deflocculation. 

2400. Particle Size Analysis of Blast Furnace Slags and Cements, especially in the 
Range below 10 microns. Gille, F. Zement, 1942, 31, 316; Ceramic Abstr., 1944, p. 68. 
Two dispersing liquids, pyridine and quinoline, were investigated for the pipette 
analysis of fine-grained materials, e.g. slags, burned lime and slaked lime. For a falling 
distance of 20 cm, sizes up to 60 microns can be analysed in qiiinolme and up to 
30 microns in pyridine. 

2401. The Determination of the Size of Sub-microscopic Particles by X-rays. Guinier, 
A. Inform, Circ, U.S, Bur, Min., No. 7391, Dec. 1946, 17 pp. 

2402. Studies of the Viscosity and Sedimentation of Suspensions, Pt. 3. The sedimenta- 
timi of isometric and compact particles. Gurel, S., Ward, S. G., Whitmore, R. L. 
Brit, J. appl. Phys, 1955, 6 (3), 83-7. From experiments with cubes of approx. 1 cm. 
side and with certain other regular-shaped bodies, an expression is derived for the rate 
of fall in stream line flow in relation to the particle and fluid data. 

2403. Statistical Description of the Size Properties of Non-Uniform Particulate 
Substances. Hatch, T. and Choate, S. P. J, Franklin Inst,, 1929, 207 (3). Describes 
microscopic count-statistical method for determining average size from frequeni^ 
curves. Tyndall meter is used to measure surfaces of suspensions. Includes good 
bibliography. Particle size is defined in terms of the shape and size frequency curves. 
The size properties are shown theoretically and experimentally to be closely correlated 
with statistical parameters if the log probability curves and the relationship between 
size properties and the number of particles per gram and specific surface is given. 

2404. Determination of Average Particle Size from the Screen Analysis of Non- 
nnif(»m Particulate Substances. Hatch, T. /. Franklin Inst,, 1933, 215, 27-38. The 
distribution curve by weight bears a definite relation to the regular size frequency 
curve, and suitable transformation equations are presented by means of which one is 
able to calculate average diameters from the parameters of the curve given by screen 
analysis. 

2405. Splittii^ the Minus 200 with the Superpanner and Infira-sizer. Haultain, 
H. E. T. Trans, Canad. Min, Inst, (Inst, Min, MetalL), 1937, 40, 229-40. The Haultain 
infra-sizer consists of seven conical connected air elutriation chambers for separating 
-200-mesh powder into fractions down to a few microns. 

2406. A New Infra-sizer. Haultain, H. E. T. Trans, Canad. Min, Inst, (Inst. Min, 
MetalL), 1950, 53, 78-81. This apparatus has only two cones instead of seven, and 
splits 25 grams of sample into two portions in thirty minutes. An appreciation of 
results obtained is given by E. J. Pryor et al, in Recent Developments in Mineral 
Dressing, pp. 14-15. 1953, Institution of Mining and Metallurgy, London. 

2407. Particle Size Measurement. Hawksley, P. G. W. Mon. Bull, Brit. Coal Util, 
Res. Ass,, 1944, 8 (9), 245-55. Summary of the recent work on methods of measuring 
particle size, particularly from 200 B.S. to the finest measurable sizes. The discussion 
is based on a report of the proceedings of two informal conferences in 1941-42, held 
jointly by the British Colliery Owners Research Association and B.C.U.R. A. Extensive 
use has been made of the reviews on particle size measurement given by Schweyer and 
Work and by Martin at a Symposium convened by the American Society for Testing 
Materials in March 1941. 86 refs. 

2408. Aiitomatk Particle Sizii^ by Successive Countings. Hawksley, P. G. W. 
Nature, Land,, 6 Dec. 1952,170,984-5. The methods and theory for automatic coimting 
and sizing of particles dispersed on microscope slides are outlined. Sizing can be 
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carried out by recording photo-electrically only the number of pulses totally obscuring 
the scanning aperture. To obtain the size distribution, the counting is repeated with 
scanning apertures of different sizes. This recalls the method of automatic counting on 
microscope slides usually practised, i.e. by measurements of pulse heights or pulse 
lengths in an area swept by a scanning aperture. The present communication points 
out that sizing can be done by recording the number only of pulses. The theoretical 
treatment is outlined. 5 refs. 

2409. The Physics of Particle Size Measurement. Pts. 1, 2 and 3, Hawksley, P. G. W. 
Mon, Bull, Brit, Coal Util, Res, Ass,, 1951-2. ‘Fluid Dynamics and the Stokes’ Dia¬ 
meter’, 1951, 15 (4), 105-42, 220 refs. ‘Optical Methods and Light Scattering’, 1952, 
16 (4), 117-47; (5), 181-209, 160 refs. 

2410. Fine Particles and Statistics. Hawksley, P. G. W. Mon, Bull, Brit, Coal Util, 
Res, Ass,, 1953, 17 (11); Nature, Lond,, 5 Dec. 1953, 1017-18. Following a general 
introduction stressing the need for the application of statistical methods to physics, 
the author reviews a new book on the subject by Herdan and Smith, Fine Particles and 
Statistics, 

2411. The Design and Construction of a Photoelectric Scanning Machine for Sizing 
Microscopic Particles. Hawksley, P. G. W., Blackett, J. H., Meyer, E. W. and 
Fitzsimmons, A. E. Brit. J, appl, Rhys. 1954, Suppl. 3, S.165-73. Data are presented 
on the performance of a machine constructed for sizing particles dispersed on micro¬ 
scope slides. The size distribution of a sample of coal particles down to 5 microns as 
determined by the scanning machine agreed with that from a visual count. 

2412. Fine Particles and Statistics. Herdan, G. and Smith, M. L. 1953, Elsevier 
Publishing Co., New York and Amsterdam; Cleaver Hume Press, London. ‘An 
Accoxmt of Statistical Methods for the Investigation of Finely Divided Materials by 
Herdan with a Guide to the Experimental Design of Particle Size Determinations by 
Smith. 520 pp. An appreciation by P. G. W. Hawksley in Nature, Land,, Dec. 1953, 
1017-18. 

2413. Numerical Definitions of Particle Size and Shape. Heywood, H. Chem, & 
Ind. {RevX 1937, 56,149; Paper to Soc. Chem. Ind. (Road & Bldg. Materials Group). 
A relationship is deduced between the mean projected diameter of a particle and 
Martin’s and Feret’s statistical diameters. The particle shapes are divided into four 
groups: rounded, sub-angular, angular and prismoidal, angular and tetrahedral. The 
shape coefficients have been determined experimentally for each of these shape groups 
and are tabulated. 

2414. Measurement of Fineness of Powdered Materials. Heywood, H. Proc. Instn 
mech. Engrs, Lond., 1938, 140, 257-97. Discussion, 308-47; /. Inst, Fuel, Dec. 1945, 
p. 94. A comprehensive review of the methods of size analysis is presented in all aspects 
and the merits of the various methods are discussed. The motion of irregularly-shaped 
particles in a fluid and a method of calculating falling velocity in a turbulent fluid are 
also discussed. 150 refs, are classified under 10 headings. 

2415. A Comparison of Methods of Measuring Microscopic Particles. Heywood, H. 
Bull. Instn Min. Metall,, Lond,, No, 477,1946,14 pp. The effects of shape on microscope 
counts and measurements. 

2416. Calculation of Particle Terminal Velocities. Heywood, H. J, imp. Coll, chem, 
Engng Soc,, 1948, (4), 17. 

2417. Fundamental Principles of Sub-Sieve Particle Measurement. Heywood, H, 
Symposium on Mineral Dressing, Lond., Sept. 1952, Paper No. 6. Institution of 
Mining and Metallurgy, Principles of Particle Motion. Equivalent diameters. Table of 
free-falling diameters. Similarity groups. Sedhnentation methods and theory of sedi¬ 
mentation. Error of hydrometer readings due to bulb length. Repeated decantation. 
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Elutriation theory. Practical application of decanting test. Hindered settling. 11 refs. 
Published in Recent Advances in Mineral Dressing. 1953, Institution of Mining and 
Metallurgy, London. 

2418. Centrifugal Sedimentation Mefliod for Particle Size Distribution. Jacobsen, 
A. E. and Sullivan, W. F. Industr. Engng Chem. {AnalX 1946, 18, 360-4. A method 
has been used which is analogous to Oden’s method of tangential intercepts for gravita¬ 
tional sedimentation. 12 refs. 

2419. A Comparison of Methods of Particle Size Analysis. Jarrett, B. A. and 
Heywood, H. Brit. J. appl. Fhys, Suppl. No. 3, 1954, S. 21-28. A special test dust was 
used for comparing the methods and equipment. Recommendations are made by the 
author for suitable methods of size analysis, with the probable degree of error and the 
range of size to which the various methods are applicable. The recommendations 
include those for suspension density, upper size limit, sampling depth in a suspension, 
method of calculation, dimensions and verticality of apparatus and temperature 
control. 8 refs. 

2420. Simple Method for Approximate Particle Size Analysis. Johnson, E. I. and 
King, J. Analyst^ Nov. 1951, 76, 661-2. Sample is shaken in a tube 20 cm long and the 
liquid above a standard mark removed after a time t. The process is repeated until all 
powder settles below the mark in time /. The latter is calculated from Stokes’ formula 
for the required separation. 

2421. Particle Size Analysis and Centrifugal Sedimentation. Johnson, R. Trans, 
Brit. Ceram. Soc., 1956, 55 (4), 267-85. Centrifugal sedimentation has been found to 
give differences in the amounts of material sedimented when identical amoimts were 
expected. Experiments have been carried out and various hypothesis examined to 
explain the deviations jBrom the sedimentation equation. It is thought that the process 
is ajBfected by coagulation and from impetus from the faster moving particles. Satis¬ 
factory size comparisons can be made if the same programme of times and speeds is 
used, and if concentrations do not vary too much. 

2422. Automatic Particle-siziiig by Successive Counting. Jordanides, G. and 
Chamberlain, N. H. Nature^ Land., 1954,174 (4419), 83-4. Some results with automatic 
apparatus employing measurement of pulse heists or pulse lengths from records 
obtained from photoelectric scanning devices. Experimental results with ‘ideal’ 
specimens consisting of small pimched cardboard discs gave good agreements, indica¬ 
ting errors in diameter not larger than 2-5%. 3 illustrations, 1 table. 

2423. A New Sedimentoti(Hi Apparatus. Kaendler, W. and Miller, L. Kolloidzschr.^ 
1953, 130 (3), 172-6. The cylinder used for sedimentation is provided with a special 
device for adding the sample, whereby disturbance is avoided by attachment of a 
manometer tube. The base rests on a brass plate which is fitted with a slider, made 
watertight by suitable means. The slider has two recesses for small glass plates which 
receive the deposited powder. The plates can then be removed successively and also 
replaced by sliding the slide backwards and forwards. The efficiency of separation is 
illustrated by a curve and by photographs with attached scale. 2 refs. 

2424. How to Understand Problems of Terminal Velocity. Korn, A. H. Chem. Engng, 
Nov. 1951, 178, 

2425. Mefiiods of Estimating Particle Size. Kuhn, A. Kolloidzschr.^ 1925, 37, 365. 
Determines particle size by: rate of fall by gravity and centrifugal force; the Zsigmondy 
nucleus method; Oden fractional coa^ation method; microscopic coimting after 
centrifuging particles on to one side of a glass cell (different method of coimting, 
and coTOction to apply); estimation of particle size by light diffraction; determination 
of particle size by dispersion and osmosis; and counting with the ultramicroscope. 

2426. Magnitude and Character of Errors Produced by the Shape Factors on Stokes’ 
Law Estimates of Particle Radius. Kunkel, W. B. /. appl Phys, 1948, 19 (11), 1056-8. 
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2427. The Detennination of Grain Size. Leech, L. G., Ratcliffe, S. W. and German, 
W. L. Trans Brit, Ceramic Soc,^ 1953, 52 (3), 145-52. A preliminary investigation into 
rapid testing of fineness by methods unusual in the industry. The new use of the 
Spekker method and of Rigden’s apparatus is compared with the usual hydrometer 
method, described by N. W. Webb and S. W. Ratcliffe, ibid,^ 1952,41,51. The Spekker 
method has been tried on strains and prepared glazes with very promising resiits. As 
specific gravity does not enter into the calculations it is possible to determine the 
surface area of powders containing substances of different specific gravities. A deter¬ 
mination can be done in five minutes on a suitable sample. 4 refs. 

2428. Simplified Particle-size Calciilatiaiis. Leigh-Dugmore, C. H. Nature^ Land,, 
1954, 174 (4429), 567. When particle sizes are log-normally distributed, tedious sum¬ 
mation of powers of the sizes can be avoided if the cumulative distribution is plotted 
on log-probability paper. From this, estimates of the mean and standard deviations of 
the distribution of log sizes can be read oflf, and from these further calculations can be 
made. Example of method is given. 

2429. Sedimentation Cylinder for Particle Size Analysis. Leith, C. J. Science^ 1951, 
113, 412-3. This has been devised for isolating -^-^-mm fractions of fine-grain sedi¬ 
ments. Features of the Kuhn settling tube and the Atterberg sedimentation cylinder 
are incorporated in this apparatus. 

2430. Laws of Motion of Particles in a Fluid. Lunnon, R. G. Min, & MetalL^ N. Y., 
1929, 10, 333. Abstract of the paper read before Institution of Mining Engineers 
(En^and). Gives the three laws (Stokes, Allen and Newton) on falling particles in a 
liquid. 

2431. Instrumental Particle Size Analysis. Major, J. R. Chem, Age, Land., 1955 ,72 
(1876), 1427-34. An appreciation of modem methods of size analysis, chiefly concern¬ 
ing the size of dusts which affect the lungs. A full discussion is given of the merits and 
limitations of the various sizing methods. 

2432. Graphic Representation in Size Analysis by Sedimentation Methods. (In French.) 
Martens, P. H. Parasitica, 1949,5 (4), 110-17. A new graphical method of interpreting 
Stokes’ formula for the settling of suspensions within the size limit of 50-5 microns 
is described. 

2433. Particle Size. Detennination by Sedimentatimi. Mueller, E. E. Ceramic Age, 
1953, 61 (1), 14-17. 

2434. Automatic Counting and Size Aimlysis of Microscopic Particles. Nassenstein, 
H, Chem,~Ing,-Tech,, 1954, 26, 661; 1955, 27, 787, Practically no literature in this field 
exists in Germany. Plenty in U.K. and U.S.A. The new principle is described; designs, 
action and wiring diagrams of an instrument for automatic evaluation of micro¬ 
photographs is described. 

2435. Particle Size Analysis firom Sedimentation Curves. Nissan, A. H. Disc, 
Faraday Soc., 1951 (11), 15. 

2436. Analysis of Sedimentation. Oden, S. Tekn, Tidskr,, Stockh., 12 Sept. 1925. 
Represents sedimentation observations graphically. Weighs suspended plate in the 
pulp by electrical means. 

2437. A Novel Method for Measuring Particle Sizes of Ceramic Mixtures. Perkins, 
W. W. Ceramic Ind,, 1954, 63 (8), 76-7. An adaptation of the knife spread method used 
in the paint industry. 

2438. The Meaning and Microscopic Measurement of Average Particle Size. Perrott, 
G. St. j. and Kinney, S. P. /. Amer, ceramic Sac,, 1923, 6 (2), 417-39. Gives formulas 
for the calculation of ‘average’ particle size, based on the number of particles, their 
length, their surface, and their volume. Discusses differences in these various averages. 
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2439. Approaches to Aerosol Problems. Pilcher, J. M. Battelle Technical Review, 
1956, 5 (4), 3-8. Physical characteristics of aerosols are described and the method of 
action of the cascade impacter is illustrated and described in terms of terminal veloci¬ 
ties of the settling particles. 

2440. Review and Evaluation of Methods of Particle Size Analysis, Pt 1. The Definition 
of Terms and Classification of Sizing Methods. Pilgrim, R. F. Research Report 
No. MD200, Dept, of Mines and Technical Surveys, Mines Branch, Ottawa. April, 
1956. 27 pp. This report is the first of a series which will make a complete survey of the 
published literature and give a critical assessment of available methods. 

2441. Fine Powders and Particles in Industry. Pirani, M. and Kramers, W. J. 
Mon. Bull Coal Util Res. Ass., 1944, 8 (12), 361-73. A survey of the properties, 
methods of production, particle size measurement and field of application of powders 
with special reference to particle sizes employed mainly less than 100 mu. Some 
eighteen methods of particle-size analysis are tabulated in relation with their appro¬ 
priate applications. 

2442. Purpose in Fine Sizing, and Comparison of Methods. Pryor, E. J., Blyth, 
H. N. and Eldridge, A. Symposium on Mineral Dressing, London, Sept. 1952, 
Paper No. 5., Institution of Mining and Metallurgy. Methods of sizing and sorting. 
Value of particle size measurement. Description of results from the Haultain infra- 
sizer. Description of modification of the Blyth elutriator and results. Sedimentation 
methods. Advantages of the beaker elutriation method, and agreement between the 
three methods are discussed. Published in Recent Developments in Mineral Dressing, 
1953, Institution of Mining and Metallurgy. 

2443. Rapid Methods of Grain-size Measurement in the Pottery Industry. Ratcliffe, 
S. W. and Webb, H. W. Trans. Brit. Ceramic Soc., 1942,41, 51-70. Two errors which 
have hampered development of methods are pointed out: (1) concerning velocity of 
falling particles, and (2) the neglected effects of viscosity changes in the elutriation 
media, A theoretical discussion concerning these includes the effects of coagulation 
and dispersion and precedes a critical experimental comparison of pipette and hydro¬ 
meter methods of determining size distribution using groimd flint. 27 refs. 

2444. The Validity of Sedimentation Results. Reid, W. P. Industr. Engng Chem. 
{Industry, 1955,47,1541-44. A mathematical model of a sedimentation experiment for 
size analysis is considered. 

2445. Practical Detmnination of Particle Size I. Reumann, O. Glas-Email-Keramo- 
Technik, 1954,5 (5), 186-8; J. Amer. ceramic Soc., 1954 (10), 187. Description of tech¬ 
nique, with tables of mesh sizes for D.I.N., U.S. Standard and British I.M.M. sieves. 
The ideal (Fuller) curve of size distribution for maximum packing density for satis¬ 
factory grog is reproduced: 2-4 mm—39%; 1-2 mm—20%; 0*5-1 *0 mm—12%; 
0*2-0‘5 mm—11%; 0-1-0-2 mm—6%; 0-0*1 mm—12%. 

2446. Measurement of Thickness of Fine Partides. Robins, W. H. M. Nature, Land., 
4 Oct. 1952,170, 583. A new method of using the projection microscope. 

2447. The Bulkii^ Prop^ties of Microscopic Partides. Roller, P. S. Industr. 
Engng Chem. (Jmkistr.), 1930, 22, 1206. Gives a rapid method of measuring mean 
particle size. 

2448. Separatioii and Size Distributicm of Microscopic Particles. An Air Analyser for 
Fine Powdra. Roller, P. S. Tech. Publ. U.S. Bur. Min., No. 490, 1931, 46 pp. The 
separations usually began at 0-5 microns, proceeded in steps of 5-10, 10-20 to 60- 
100 microns and were calculated from Stokes’ law. For soft materials there is an attri¬ 
tion of the grains. The paper indicated corrections for this attrition. A size distribution 
analysis is made and detailed results of elutriation for a Portland cement and for a 
chrome yellow pigment are given. Methods of measurement of the fractions and sizes 
of grains are described. 
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2449. Accurate Air Separator for Fine Powders, Roller, P. S. Industr. Engng Chem. 
(AmlX 1931, 3, 212. 

2450. On the Extinction CoeflScient. Particle Size Relationship for Fine Mineral 
Powders. Rose, H. E. and French, C. C. J. /. Soc, chem. Ind.y Lond., 1948, 67 (7), 
283-9- An account is given of the researches which have led to an experimentally 
derived curve relating the extinction coefficient to the particle size in the range 
0-50 microns. While the validity is not rigidly established, the curve is believed to be 
more reliable than those previously suggested, and sufficiently accurate for many 
industrial purposes. 

2451. Powder Measurement by a Combination of the Methods of Nephelometry and 
Photo-Extinction. Rose, H. E. /. Soc. chem. Ind.y Lond., 1950, 69 (9), 266-72. The 
combined technique could be a more convenient and accurate method of powder size 
analysis than the photo-extinction method. Certain relationships have b^n derived 
and are shown to be in agreement with experiment. From the results of scattered light 
tests, the extinction coefficient/particle size relationship has been computed, and 
reproduces in detail a significant feature of the curve as determined by direct measure- 
no^nt. More detailed investigation is planned. 

2452. The Design and Use of Photo-Extinction Sedimentometers. Rose, H. E. 
Engineering, Lond., 1950, 169, 31 Mar., 350-1, 14 April, 405-8. A full treatment of 
the subject with graphical representation of data is presented. 11 refs. 

2453. The Measurement of the Particle Size of Very Fine Powders. Rose, H. E. 
Four Lectures, Nov. 1951, at King’s College, London. Theoretical and practical 
aspects. He concluded that the techniques necessary for examining the properties of 
floes and the voidage fimetion and streaming effects in permeability measurements 
were amongst those subjects which still need investigation. A summary is given in the 
Bulletin of Whiting Federation Research Council, Mar. 1952. Published in book form 
by Constable, 1953. Review by S. H. Bell in Chem. & Ind. (Rev.), 1953 (38), 994. 

2454. The Assessment of Specific Surface by Single Observation Photo-Extincti<m 
Methods. Rose, H. E. J. appl. Chem., 1952,2 (4), 217-20. The method by total extinction 
of a suspension is subject to considerable error. Thus the convenient method based on a 
single measurement of opacity is imsatisfactory even for moderate accuracy, and 
recourse must be had to deriving a size frequency curve. In the present paper empirical 
expressions are derived whereby a value of specific surface in close agreement with that 
obtained from a size frequency analysis may be obtained from a single measurement 
of a suspension of a powder. 

2455. The Permeability Method of Specific Surface Determination. A Correction 
Facto*. Rose, H. E. J. appl. Chem., 1952, 2 (9), 511-20. The application of the Carman 
equation is foxmd to depend on the porosity of the bed. In this paper a correction is 
developed which largely eliminates this variation. Further, for ffiose powders which 
have been analysed by alternative techniques, the values of specific surface as deter¬ 
mined by the ‘corrected’ Carman’s equation show deviations from the values obtained 
from photo-extinction and nitrogen adsorption techniques which would have been 
predicted from known limitations of the methods. 

2456. New Practical Method of Studying Particles. Rose, H. E. Chem. Prod., 1955, 
IS (10), 375-7. A method is given and simple apparatus described for the estimation of 
diameter, thickness and aggregation properties of non-spherical particles of magnetic¬ 
ally anisotropic materials. Using the photo-extinction method, the projected areas of 
the particles can be determined both at random orientation and when aligned by m 
applied magnetic field. In view of the theoretical assumptions made and of the restric¬ 
tion of the method to approximately circular discs or cylindrical rods of magnetically 
anisotropic materials, it is clear that the method is unlikely to be hi^y accurate or of 
universal use. Nevertheless, it offers a fairly simple method for obtaining useful quali¬ 
tative information. These possibilities are itemized for the various effects of the 
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magnetic field on the amount of light extinction. It is suggested that the present method 
could be usefully employed in conjunction with the microscope or electron microscope, 
and that the degree of aggregation can be assessed merely by determining the ratio of 
the logs of the two light extinction values. 

2457. Determlnatkm of tiie Particle Size of Fine Powders with Particular Reference 
to Kaolins. Rossi, C and BALDAca. /. appL Chem,, 1951,1 (10), 446-52, A sedimenta¬ 
tion method using one arm of a hydrostatic balance is described. 

2458. An Exact Method for Determining a Shape Value for Particles. Schulz, F. 
TonindustrZtg, 1954, 78 (15116), 231-4. A granulometric analysis of a powdered 
mii^ral is not complete without including a value for the shape of the grains. After 
examinmg the known methods, the author develops an expression of the form: 
nKe=ZFb- 100 (Z=no. of grains, /^length, ^=breadth). Examples of application of 
the formula are given. 

2459. Sedimentation as a means of Classifying Extremely Fine Clay Particles. 
ScHURECHT, H. G. J. Amer. ceramic Soc., 1921, 4, 812. Describes plummet sedimenta¬ 
tion method, classifying particles as small as 0-0001 mm. Describes Sven Oden method 
of weighing sedimentation on a suspended plate. Weigener’s apparatus is described, 
using two connected tubes, one large one containing the material and one small one 
containing condensed water. When connected the heavier material (in larger tube) 
raises water in smaller tube. The Bureau of Mines apparatus consists of a suspended 
plummet, the weight of which indicates the density of the pulp. 

2460. Particle Size Det^minatkm in the Sub-Sieve Range. Methods. Schweyer, 
H. E. and Work, L. T. Industr. Engng Chem, (Anal), 1942,14 (8), 622-3; Chem. Rev., 
1942, 31, 295-317. The hydrometer, pipette and Wagner turbidimeter methods for 
deteimining particle size distribution in the sub-sieve ranges were studied in detail. 
The results on a variety of ground materials indicated that the hydrometer and pipette 
methods give concordant data, in agreement with those obtained by air elutriation. 
On the basis of these results a special pipette for rapid analysis was designed. The 
reasons for unsatisfactory data by the Wagner turbidimeter (except for a limited 
number of materials) are discussed. 

2461. Application of Particle Size Measurement to Pulverized Fuel. Skinner, D. G. 
Pulverized Fuel Conference, 1947, pp. 519-25. Institute of Fuel. Review of methods and 
consideration of advantages and disadvantages of these. The sedimentation method 
appears to be the most suitable method. From point of view of the fuel technologist 
the sjp^cific surface measurement gives a more satisfactory indication of fineness 
size distribution. For rapid routine analysis, the turbidity and permeability methods are 
both suitable. 

2462. Methods of the Estimation of Size Distribution of Dusts from Size Measure- 
m^ts and Rate of Fall. Smekal, A. 1936, Verein Deutsche Ingenieur Verlag, Berlin. 
(Committee on Dust Technique.) 

2463. Detemiinati<»i of Particle Size Distribution by Sedimentaticm Method. Smith, 
J. S. md Gardenier, R. Jr. Analyt. Chem., 1953, 25 (4), 577-81. The sedimentation 
tub^ is provided with a side arm for containing an immiscible liquid to balance the 
weight of powder and liquid medium in the sedimentation tube. The height of the 
Mancing liquid in the side arm is a measure of the decreasing weight in the sedimenta¬ 
tion tube and therefore of the wei^t of powder settled. The change in weight with time 
is recorded and from this and other data the size distribution is calculated. 13 refs. 
Mathematical relations and curves are presented. 

2464. Size Testii^. Taggart, A. F. Handbook of Mineral Dressing, 1950, Wiley 
& Sons, New York; Chapman & Hall, London. Sect. 19, pp. 10(M5. Methods and 
presentation of sizing tests. 
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2465. Particle Size Analysis of Powders and Dusts by Nej^linnetric Procedure. 
Telle, Otto von. TonindustrZtg^ 1952,76 {23124), 369-72. A description, with graphical 
presentation of experimental data of the ‘photo-electric sedimentometer’. 11 refs. 

2466. The Measurement of the Shapes of Rock Particles. Tester, A. C. Sediment, 
Petrol, 1931,1, 3-11. 

2467. Particle Size Measurement of Kaolin and other Clay MatOTals. Vinther, E. H. 
and Lasson, M. L. Ber, Dtsch. keram. Ges,, 1933, 14, 259-79. (1) Experimental work 
indicated that the Andreasen pipette is the best sedimentation apparatus to use, and is 
most suitable for sizes from 0*5 to 20 microns. (2) Kohn’s assumption that the sample 
withdrawn is from a spherical volume of the liquid is not supported. (3) Manipulation, 
and type of peptizer are important. (4) Sodium pyrophosphate was found to be the 
best peptizer, (5) A new apparatus which will measure at 0*13-0*5 microns in the course 
of four days is described. (6) By this means various kaolins can be identified. 

2468. Shape of Rock Particles. Wadell, H. /. GeoL, 1932, 40, 443-51; 1933, 41, 
310-31; Pu/ 2 . Amer, Geol, 1934, 61, 187-220. (1) Volume, Shape and Roundness of 
Rock Particles. (2) Sphericity and Roimdness of Rock Particles. (3) Shape and Deter¬ 
minations of Large Sedimentary Rock Fragments. 

2469. Grindomet^. Walker, W. C, and Zettelmoyer, A. C. Amer, Ink, Mkr., 
1949, 27 (9), 67-9; 1950, 28 (7), 31-4. A fineness of grind gauge for printing inks is of 
the drawn-down type, using a groove with a maximum depth of 0*001 in. A wider 
groove than normal allows greater accuracy. 

2470. Assessment of Particle Size, Determiimtion of Two Profile Parameters far 
Irregular Shapes. Watson, H. H. and Cruise, A. J. Bigineering, Lond., 1954, 177 
(4606), 594-6. Results of experimental work on direct measurement from magnified 
profiles by photoelectric means are discussed for a variety of dusts examined. 

2471. Dense Random Packing of Unequal Spheres. Wise, M. E. Philips Res. Rep,, 
1952, 7 (5), 321-43. Dense random packing is defined in a new way in terms of a 
probability distribution function for tetrahedra. 9 refs. See also under Boerdijk. 

2472. Sedimentation of Powders in Liquids. Wolf, K, L. Dtsch, Farberztg, 1955, 9, 
377-87; Chem, Age, 29 Oct. 1955, 955-7. Results of some recent German work show 
that among the governing factors, besides density and viscosity of the medium, on the 
rate of settling and volume of sediment, are the forces between the particles and between 
these and the medium. A large number of liquids and the chemical and physical 
properties of some solids have been correlated with apparent momalies in sedtoenta- 
tion. The extent of aggregation during sedimentation is described for ten varieties of 
silica gel and kieselguhr. Aggregation from 0*1 micron to 70 microns is typical. The 
effects of temperature, surface active agents, quantity of solid, pH and polarity of the 
materials were also studied. 6 refs., from 1941-54, are given. 

2473. The Giaiducal Analysis of Fmen^Distributkm Curves of Pulverized Materials. 

Work,*L. T. Proc, Amer, Soc, Test, Mater., 1928, 28, 11. Reviews various methods of 
measuring particle size of fine material. Favours ‘direct’ method of microscopic 
measurement involving statistical analysis. 

2474. Crushing and Grinding. Work, L. T. Industr, Engng Chem, (Industr.), 1947, 
39, 11.* The extension of particle-size measurement has led to more exact product 
control, and just before the war standardization of sieves was effected in the American 
Standards Association. Procedures for sieving and the testing of sieve performan^, 
are not yet fully standardized. The electron microscope has opened new vistas for 
• photographic examination in the sub-sieve range, and sedimentation methods have 

been checked with other methods, and the usefulness of the hydrometer. Andreasen 
pipette and Wagner turbidimeter has been defined. Centrifugal sedimentation, the 
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air analyzer, spectral transmission studies, gas permeability methods and gas adsorp¬ 
tion for total surface are techniques of widening application and extensive work has 
been performed on the correlation of shape factors. 

2475. Crushing and Grlndii^. Size Reduction. Work, L. T. Industr. Engng Chem. 
iindustr.). This is one of the Unit Operations section of each January issue of Industr. 
Engng Chem. (Jndustr.), from 1947, 39 to 1953, 45; in later years, in the March issues, 
A summary of published papers on particle size measurement is included. 

2476. Particle Size Determination by Soft X-Ray Scattering. Yudowitch, K. L. 
/. appl. Fhys., 1949, 20 (2), 178--82. 

2477. The Preparation and Particle Size Measurement of Mono-disperse Gold 
Colloids. ZiLVERSMiT, D. B., Boyd, G. A. and Brucer, M. J. Lab. din. Med., 1952, 
40, 261-6; Chem. Abstr., 1954, 48 (19), 11150. 

SURFACE AREA DETERMINATION 

2478. Tentative Standard C.115 Determination of the Specific Surface of Fine Powders 
by the Turbidity Method. A.S.T.M. Stand., 1949, Pt 3. 

2479. The Modified Rigden Air-Permeability Method for Determining Specific 
Surface of Powders as used at the Fuel Research Station. Fuel Res. Bd. Pap., No. 198, 
Jan. 1956. 

2480. The Physics and Chemistry of Surfaces. Adam, N. K. 1941, Oxford Univ. 
Press, London (3rd Ed.); Clarendon Press, New York. 

2481. Permeability Studies. Arnell, J. C. Canad. J. Res., 1949, All, 207-12. 
IV. Surface area measurements of zinc oxide and potassium chloride powders. 10 refs. 
The use of the modified Kozeny equation for measurement of specific surfaces of fine 
powders has been extended to include a number of standard zinc oxides and a sample 
of potassium chloride. The specific surfaces have been measured by ten other methods 
and the data tabulated for comparison. Satisfactory agreement with other methods 
was found. Apparatus and technique of the method (air permeability at five different 
mean pressures) is summarized. 

2482. Some Theoretical Questions on Dust Technology. (In Hungarian.) Beke, B. 
Magyar Energia {Hungarian Power Economy), 1953, 6 (9), 259-61 \ Hungarian Technical 
Abstracts, 1954, 6 (3), 79. Deals with the Kolmogorov.—Renyi theory of grain structure 
based on probability calculus; is unequivocal and determines specific surface by the 
formula: S^(6lay)e—{5by2) where a and b are constants. 

2483. The Determination and Practical Value of Specific Surface. Borner, H. 
TonindustrZtg, 1954,78 (13/14), 204; Montan. Rdsch., 1954,2 (10), 263. An examination 
is made of the various methods of specific surface determination. There are several 
methods for determining ‘practical’ values, but the gas adsorption method for deter- 
mming the ‘true’ value, including internal cracks has not yet sufficient experimental 
evidence to judge its reliability. Therefore one must generally be content with the 
relative values such as those obtained by the permeability methods of Lea and Nurse, 
Blaine and Pechukas. The optical procedures are less exact and more difficult to apply. 
Mathematical and graphical methods are also used. All these methods are examined 
with t^ir advantages and disadvantages in relation to practical applications, and 
numerical relations between results. 

2484. Grinding Thewy. Budnikoff, P. P. and Nerkriisch, M, I. Zement, 1929, 18, 
194-8, 230-3. Discusses inter alia KocWer’s method of ThO adsorption for surface 
measurement. 

2485. DeterminaticMi of Surface Area of Powders by Means of Low Temperature 

Bugge, P. E. and Kerlogne, R. H. J. Soc. chem. Ind., Lond., 

1947, 66 (11), 377-81. 
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2486. Size and Surface of Powders. Carman, P. C. 7. Chem. Soc. S. Afr,, 1939, 39, 
266-81. General account of the significance of the term ‘particle size’ and of the 
methods of measurement. Brief survey of methods for surface area measurement and 
an account of results of experiments by the permeability method. 9 tables of results. 
27 refs. Discussion by V. L. Bosazza. Ibid., Sept. 1939,40,142-5. 12 refs. 

2487. Surface Area Measurements of Fine Powders using Modified Permeability 
Equations. Carman, P. C. and Arnell, J. C. Canad. /. Res,, 1948, 26A (3), 128-36. 
The author has shown that for glass beads and irregular siirfaces, the permeability 
method does not measure microscopic pores, irregularities and cracks. Adsorption 
accounts for these. 

2487. Physical Adsorption of Gases on Porous Solids. Carman, P. C. and Raal, F. A. 
Proc. roy. Soc. A., 1951,209, 38-58,59-69,69-81. Pt. L Comparison of loose powders 
and porous plugs. Pt. 11, Calculation of pore size distributions. Pt. III. Surface diffusion 
coefficients and activation energies. 

2489. Analysis of the Area Determinations of Cojq)^ Powders. Cuming, B. D. and 
Schulman, J. H. Symposium on Mineral Dressing, Sept. 1952, Paper No. 4. Institu¬ 
tion of Mining and Metallurgy. 100-200-mesh copper particles ((spherical) were used. 
(A) Krypton Adsorption. (B) Geometrical Area. Microscope (by G. L. Fairs). 
(C) Stearic Acid Adsorption from Petrol Ether 80°-100°C. (D) Sodium Dodecyl 
Sulphate (S.D.S.) Adsoiption from Aqueous Solution. The areas (c.c./g) ranged from 
63 to 90 (Krypton hipest). The methods were applied after heating to 360®C in oxygen 
for 2 hours. The krypton and stearic acid methods gave 610 and 400 c.c./g respectively. 
The S.D.S. and microscope methods gave 90 and 70. Thus the ‘true area’ is 7-9 times 
the ‘geometrical area’. 5 refs. Published in Recent Developments in Mineral Dressing. 
1953, Institution of Mining and Metallurgy. 

2490, Calculation of the Specific Inner Surface of a Porous Body. Dahme, E. Ingen.- 
Arch., 1953, 21 (5-6), 346-51. Based on known techniques of measurement. 

2491, Research on Surface Properties of Fine Particles. Dallavalle, J. M., Clyde, 

O. and Blocker, H. G. Georgia Inst, of Technology, State Engineering Experimental 
Station Project, Mar. 1951, PB104372, 143-68. Obtainable in microfilm or photostat 
form from: Lending Library Unit, D.S.LR. Price 18^. 3d., enlarged prints 73s. Od. 
Deals primarily with studies of methods. Method based on adsorption of fatty acids is 
promising. Diagrams, graphs, comprehensive bibliography, discussion, 73 pp. 

2492. Research on Surface Properties of Fine Particles. Dallavalle, J. M., Orr, 
C. Jnr. and Blocker, H. G. Georgia Inst. Technology, Engineering Experimental 
Station Quarterly Reports, Nos. 2, 3,4, 5,7 and Final. 30 April 1951 to 30 April 1952. 
See also Nuclear Sci. Abstr., 8 (21), 773, 808, 845, Nov.-Dee. 1954, also 15 Jan. 1955, 

P. 9. 

No, 2. Both gas and fatty acid adsorption methods are found to be applicable to 
surface area measurement, but the former was limited to materials having a large 
surface area and the latter by imwieldy titrations. 

No. 3. Two variations of the usual low-temperature gas adsorption technique were 
studied. The rate of adsorption method is described in detail and a few results are given. 
The results of the continuous flow method are presented and discussed. 

No. 4. Surface area was determined by liquid phase adsorption of stearic acid and 
by gas adsorption methods. Agreement was good for surface areas less than 50 m^/g. 
Above this, small fissures played a more important part. The characteristics of nickel 
powders were determined as above. 

No. 5. A comparison is made between gas adsorption on to metal powders and on to 
metal films. The latter far exceed powders in catalytic activity. 

No. 7. The results of chemisorption of hydrogen gas, at the temperature of liquid 
nitrogen, on to nickel powder are described. Somewhat more heat is liberated than 
for nitrogen under the same conditions. 
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Final Report. In addition to the study of methods of surface area determination, the 
adsorption of dyes, iodine and fatty acids from liquid solutions at room temperature 
were investigated. The usual methods for particle size measurement were also evaluated. 

2493. StandardizatitHi of Surface Properties of Fine Particles. Dallavalle, J, M., 
Orr, C. Jnr. and Blocker, H. G. Georgia InsU Technology Engineering Experimental 
Station, Quarterly Reports, Nos. 1 and 3, 30 July 1953, 30 Jan. 1954. See also Nuclear 
Science Abstr., 30 Oct. 1954, 8 (20), 748. 

No. 1, A number of measurements were made by means of a suitably devised instru¬ 
ment on the heat adsorption of a gas by powders. These all indicated that the heat 
developed up to the formation of a monomolecular layer was equivalent to heat of 
liquefaction of the gas at the operating temperature. 

No. 3. Refinements in apparatus and techniques are described for purification of 
nitrogen and helium gases, pressure measurement and sample preparation. Preliminary 
data are included for the adsorption of gas on charcoal. 

2494. The Milling and Dressing of Low Grade Ores in Europe. Davies, W. O.E.E.C. 
Technical Assistance Mission, No. 127, 1953. 1955, O.E.E.C., Paris. Obtainable from 
H.M. Stationery Office. In discussion of the paper by J. Murkes, Institute of Mineral 
Dressing, Stockholm, Dr W. Davies of U.K. said that he measured the size of a large 
number of ammonium nitrate crystals (rhombic prisms) and then calculated the surface 
area. Then the specific surface was calculated by the permeability method. It was 
concluded from the close correlation for samples down to 250 mesh that the shape 
factor had little effect on the surface area determination. Mr J. Svensson said that, 
in their experience, the shape factor did not vary much for near isometric particles, 
but for needle-shaped or lamellar particles, the shape factor reached a value of 7-8 as 
against the usual 5. 

2495. Specific Surface of Magnetite. Davis, C. W., Dean, R. S. and Gottschalk, 

V. H. See under Magnetic Effects. 

2496. The Use of the Coercimeter in Grinding Tests. De Vaney, F. D. Coghill, 

W. H. Trans. Amer. Inst. Min. Engrs, 1939, 134, 283-95. The relations between the 
coercive force of magnetite and surface area of a sieved fraction were investigated. 
See under Magnetic Effects. 

2497. Calibration of Air Permeability Particle Sizes. Dubrov, B. Analyt. Chem., 
1953, 25 (8), 1242-4. The method of calibration employs two fritted glass diffusion 
tubes as standards, calibration being made by two different procedures. 4 refs. 

2498. Detamination of Specific Surface of Sieve Size Powders. Dubrov, B. and 
Nieradka, M. Analyt. Chem., 1955, 27 (2), 302-5. An instrument adaptable to rapid 
routine measurement is described. The range of air permeability measurements is 
extended to sieve size powders, and an instrument which employs a sensitive adjustable 
flow meter was developed. The accuracy obtained indicates that the instrument can be 
adapted for routine size or surface measurement within the range investigated, i.e. 
16-250 mesh (or 1000-57 microns), 

2499. A Direct Cfunpar^on of Silvering and Permeability Methods of Determining 
Specific Esctonal Surface. Emerton, H. W., Mattocks, R, E. and Blanchard, 
D. M. W. Paper Tr. J., 1954,37 (2), 55-6. The results by the permeability method after 
the beaten pulp had been silvered agreed with those by the silvering method after the 
pulp had been silvered, these being 0*86 ± 1*6% and 0-63 ± 18% sq. m/g respectively, 
but were much less than those by the permeability method (unsilvered) which were 
542-6*40±13% and ±3% sq. m/g respectively. Results from another pulp were 
similar. It is therefore concluded that the silvering operation, per se, reduces the 
external surface of the beaten fibres very considerably. The T.A.P.P.I. silvering T.266 
s.m.46 method and permeability method were used. 

2500. Meeting of file Deutscben Keramischen Gesellschaft in Baden, Sept. 1953. 



BIBLIOGRAPHY 


373 


Determination of Specific Surface by Air Permeability, Engelhorn, P. SprechsaaL^ 
Oct. 1953, 86 (20), 507. The importance of considering the porous nature of a material 
in such measurements is pointed out in a contribution. 

2501. Determination of Geometric Surface Area of Crui^hed Porous Solids. Ergun, S. 
Analyt. Chem., 1952, 24, 388-93. A useful method of measuring surface areas is 
described. It is a gas flow method depending on the relation between pressure drop 
and the flow rate and bulk density. 86 refs. (A geometric surface may be visualized as 
that of an impervious envelope surrounding the body in a geometric sense (irregularities 
and striae being neglected).) 

2502. Surface Area and Amount of Heat in Crystallized Magnesium Hydroxide. 
Fricke, R., Schnabel, R. and Beck, K. Z. Elektrochem,^ 1936, 42 (12), 881-9. A 
translation may be consulted at D.S.I.R. Ref., Records Section, 4776. 

2503. Surface Measurement by Van der Waals Adsorption. Gaudin, A. M. and 
Bowdish, F. W. Trans. Amer. Inst. min. (metall) Engrs, 1946, 169, 95-102; Tech. 
Publ. Amer. Inst. Min. Engrs, No. 1666, 1944. Details of method by adsorption of 
liquid nitrogen. The area per adsorbed molecule of nitrogen is considered to be Emmett 
and Bnmauer’s value of 13-8 A^. 


2504. Crushing and Grinding. I, n and m. Gross, J. and Zimmerley, S. R. Trans. 
Amer. Inst. min. (metall.) Engrs, 1930, 87, 7, 27, 35. Surface measurements of quartz. 
See under Fundamental Aspects. 

2505. Crushing and Grinding. 1. Surface Measurement of Quartz Particles. Gro^, J. 
and Zimmerley, S. R. Tech. Fubl. Amer. Inst. Min. Engrs, No. 46, 1928; Milling 
Methods, 1930, 7. The hydrofluoric acid solution method and extrapolation to zero 
rate are described. This initial rate is a true measure of surface. Calibration of these 
initial rate values for the conversion to definite surface units was done by silver coating 
of quartz. The accuracy of the method is discussed. See also under Gross, 1928. (Gross 
regards the results as definitely establishing the Rittinger theory.) 

2506. A Method for the Sizing of Ore by Elutriation. Gross, J., Zimmerl^, S. R. 
and Probert, A. Rep. Invest. U.S. Bur. Min., No. 2951, 1929, 8 pp. Determines sizes 
of mineral particles obtained in elutriation products from -200-mesIi ore by com¬ 
parison with quartz particles obtained imder identical conditions of elutriation. Surface 
figures for galena^ sphalerite and pyrite are given for sieve sizes and elutriation products. 

2507. Wettiiig of Pigments and Other Powders. Harkins, W. D. and Dahlstrom, 
D. A. Industr. Engng Chem. (Industr.), 1930, n, 897. Determines the heat of wettmg or 
energy of immersion and describes the calorimeter and method of operation, 

2508. Surface Area Determination. Harkins, W. D. and Jura, G. J. Amer. chem, 
Soc., 1944, 66, 1362-6, 1367-73. An absolute method for determining the area of a 
finely-divided crystalline solid. A vapour absorption method without the assumption 
of a molecular area, and the areas occupied by nitrogen and other molecules on the 
surface of a solid. 


2509. Calculation of the Specific Surface of a Powder. Heywood, H. ^^oc. Instn 
mech. Engrs, Lond., 1933, 125, 383. The specific surface can be calculated tom a 
knowledge of three factors, namely, the density, the shape coeffiaent and the surface 
mean diameter of the particles. The method of determi^ shape coefficients is 
described, together with values for typical materials. The chief difficulty is the ^^^mate 
determination of surface mean diameter for the particles. This qumtity is defe^ 
mathematically and a graphical method is given for the direct calculation of the 
surface mean diameter from the residue curve plotted to Rosms functional scales, 
i.e. log log 100/R against log x. 


2510. Grain Size Measurement and Permeability of Foundry Sands. J^sso^ P. 
Fonderie, 1952 (73), 2795-2804. Tabulated data and graphs are given, and practical 
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applications of theory are considered. Allowances must be made for density of packing 
in correlating theoretical and actual permeability. 

2511. Abscwrption and Adsorption of Bases by Solids. Jones, C. P. Soil ScL, 1924, 
17, 255-73. Obtains adsorption of Ca(OH )2 on quartz, giving titratable values for 
quartz sizes of 40-60 mesh, 60-80 mesh, 150-200 mesh and —200 mesh. Results are 
somewhat erratic, although some show a fair proportion to theoretical surfaces. 

2512. Determination of Specific Surface of Barium Sulphate, Comparison of Results 
by Different Methods. Jopling, E. W. /. appL Chem,, 1952,2 (11), 642-51. A description 
is given of the pipette and centrifuge methods of determining grain size distributions 
by sedimentation, and results are given for a number of barium sulphate powders. 
From the size distribution curves, the specific surfaces are calculated and compared 
with values obtained by air permeability, dye adsorption and light extinction method. 
The results from the air permeability and dye adsorption methods are in good agree¬ 
ment with each other, but not always with the sedimentation results. The failure of the 
optical method is attributed to fineness of the powders. 

2513. A Simple Method feu: the DetOTnination of the Free Surfaces in Finely Ground 
Solhls. (In German.) Karagounis, G. Helv, chim. acta, 1953,36,282-90; Ost, ChemZtg, 
1954, 55 (5/6), 79-80. The method is based on coating the particles with an organic 
liquid (from an ether solution, if necessary) and assuming that an excess of coating 
over a critical value is denoted by a waxy property causing the particles to adhere. 
Surface area is calculated from the weight of coating as compared with that on a known 
area. 

2514. Evaluation Problems in Fine Grinding. Kiesskalt, S. (Aachen). ChemAng,- 
Tech,, 1954, 26 (1), 14-17. The attainment of a specific sxirface area of quartz by 
means of a vibrating ball mill was investigated. Calculation of surface from the results 
of normal sieve analysis was done and the results compared with those of the argon 
adsorption method of Blaine. Answers to some evaluation problems were obtained. 

2515. Relation between Fineness of Limestone and its Rate of Solution. Kreige, H. F. 
Rock, Prod,, 1926, 24, 65-8. Gives a method of surface determination for calcite and 
limestone based on the dissolution rate in hydrochloric acid. 

251 6. The Det^minaticm of the Surface Area of Fine Powders. Landt, E. Kolloidzschr,, 
1954, 135 (2), 91-6. An absolute method is put forward for the determination of the 
surface area of non-porous powders based on theoretical considerations of the heat 
developed when immersed in an indifferent liquid. Previous work is reviewed. 19 refs. 

2517. Haikins-Jura’s Entropy Method for Determination of Specific Surfaces of 
Powders. Landt, E. Kolloidzschr., 1954, 139 (3), 170-1. 

2518. The Specific Surface of Fine Powders. Lea, F. M. and Nurse, R, W. J, Soc, 
chem, Ind,, Land,, 1939, 58, T277-83. Modified by Carman for determining specific 
surface of cement. See under Cement. 

2519. Surface Energies of S<did Oxides and Carbides. Livey, D. T. and Murray, P. 
/. Amer, Chem, Soc,, 1956, 39 (11), 363-72. The surface energies of the alkali halides 
are considered in relation to various parameters such as lattice energy molar volume, 
and heat of formation and solution. The values calculated on these bases are tabulated 
for the four types of halide. The conclusions derived are applied to a consideration of 
the surface energies of the oxides which range in value from 250 for PbO to more than 
1420 ergs/sq. cm for BeO. The surface energies of the oxides are compared with those of 
refractory monocarbides as determined by wetting experiments. The surface energies 
of these ranged from 800 ergs/sq. cm for ZrC to 1675 for VC, and show a linear rela¬ 
tionship with heat of formation. 7 tables, 20 curves, 23 refs. 

2520. Assessment of Specific Sm^ce of Powders and Porous Solids by Adsorption 
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Methods. Maggs, F. A. P. Mon. Bull. Brit. Coal Util. Res. Ass., 1945, 9 (9), 253-61. 
15 refs. 

2521. A New Surface Measurement Tool for Mineral Ei^meers. Mortsell, S. and 
SvENSSON, J. Min. Engng, N.Y., 1951 (11), 981-3; Trans. Amer. Inst. min. (metall.) 
Engrs, 1951, 190, 981. This paper by F. W. Bloecher is discussed by Mortsell and 
Svensson, who throw doubt on the suitability of the gas adsorption method for mineral 
dressing laboratories, owing to different and higher results as compared with surface 
calculated from particle dimensions. Other reasons are given. A curve is given showing 
the specific surface of quartz grotmd in a ball mill as a function of the net energy input 
to the mill. 

2522. The Use of the Microscope for Accurate Measurement of the Surface of Small 
Particles. Pidgeon, F. D. and Dodd, C. Feint-Pigm.’-Vem., 1953, 29 (10), 312-17. A 
modified projection method is described wherein the surface is projected on to a 
reticule-objective. By this method it is unnecessary to assume a shape factor, which is 
claimed as the chief advantage. Very small dimensions can be measured, and results 
with finely-divided quartz are compared with those by less direct methods and presented 
in tabular form. There is reasonable agreement. The limits and possibilities of applica¬ 
tion are discussed. 14 refs. 

2523. Permeability Method of Specific Surface Determination. Rose, H. E. J. appl. 
Chem., 1952, 2 (9), 511-20. 

2524. Adsorption. Schmidt, G. C. and Durau, F. Z. phys. Chem., 1924, 108, 
128-50; Chem. Abstr., 1924,18, 1598. Obtains adsorption of aniline dyes on powdered 
glass and glass plates to determine whether there is a monomolecular layer. Surface of 
powdered glass determined by method of Wolff (Chem. Abstr., 1922, 16, p. 2017). 
Methyl violet and diamond fuchsin used. Layer determined to be 2 molecules thick, 
assuming cubical molecules. (As Wolff’s method gives low results, the adsorbed layer 
may be only 1 molecule thick.) 

2525. Principles of Comminution. Schumann, R. Tech. Fubl. Amer. Inst. Min. 
Engrs, No. 1189, 1940,10 pp. I. Size Distribution and Surface Calculations. See under 
Jaw Crushers. 

2526. A Study of Adsorption as a MetiK)d for the Determination of the Surface of 
Pulverized Coal. Sherman, R. A. et al. Proc. Amer. Soc. Test. Mater., 1933,33 (2), 729. 
Tests show that the method with methylene blue has no value. See under Coal. 

2527. A Rapid Method for the Determinatimi of the Specific Surface of POTtknd 
Cement. Wagner, L. A. Proc. Amer. Soc. Test. Mater., 1933, 33, 570. Describes 
Wagner turbidimeter, which is based on transmission of li^t through kerosene 
emulsion. 

2528. Wanted, An Index for Measuring the Surface of a Mineral Powder. Weinig, 
A. J. Engng Min. J., 1935,136, 336-42. Since screen sizing, grain counts or sedimenta¬ 
tion analysis alone are not a sufficient basis for calculating surface area, the author 
suggests methods for relating surface to weight. The method of deducing shape factors 
is given, and charts for evaluating surface area from the resulting data are given for 
several minerals. 

2529. Converting a Number Distribution for Particle Size into One for Volume or 

Surface Area. Wise, M. E. Philips Res. Rep., 1954,9 (3), 231-7. A numl^r distribution 
of equivalent radii of particles in a powder can be accurately converted into a distribu¬ 
tion by volume or surface area, even if the data are highly and/or non-uniformly 
grouped. Formulae are derived to do this and applied to microscope analysis into 
frequency distribution of radii between 1, 2,2 V2,4 ... umts. Illustrations, tables. 

2530. The Absolute Detennination of the Specific Surfaces of Powda^ with the Blaine 
Apparatus. Zagar, L. and Schumann, C. Zement^Kalk-Gips., 1954, 7 (7), 282—4, 
Gluckauf, 1954, 90 (43/44), 1436. 



Classification 


SIEVING, SCREENING 

2531. Test Sieves. British Standard 410:1943, Amendment No. 4, 1955. Dimensions 
of wire cloth for normal sieves, methods of examination of cloth, and dimensions for 
perforated plates are given. Dimensions for A.S.T.M. sieves are tabulated in an 
appendix. 

2532. Methods for tiie Use of B.S. Fine-mesh Test Sieves. British Standard 1796:1952. 
Methods of use, weight of sample, end point of test by hand'sieving and machine 
sieving, and method of reporting results are specified. 

2533. Standard Specification for Sieves fwr Testing Piiii>oses. Wire cloth, round hole 
and square hole screen and sieves. A.S.T.M. Book of Standards, 1944, Part III, pp. 1048- 
54. A.S.T.M. Design Ell-39. 

2534. Standard Test Sieves- Handbook of Mineral Dressing. Taggart, A. F. 1945, 
Wiley & Sons, New York; Chapman & Hall, London. Sect. 19, pp. 100-3. Tables for 
comparison of specified dimensions for the Tyler, U.S. and British Engineering 
Standards Association series of wire-mesh sieves. 

The Tyler series is based on openings of progression, commencing with an 
opening of 74 microns (200 mesh). A series based on a progression commencing 
at the same opening is manufactured in order to give closer sizing. The Tyler series is 
standardized by the U.S. Bureau of Standards. 

The U.S. series (A.S.T.M. Standard) is based also on a ^2 ratio of opening dimen¬ 
sion, but commences with an opening of 10(X) microns (1 mm). This series can be used 
interchangeably with the Tyler Standard sieve series, owing to the range of permissible 
wire dimensions. 

The British Standard series superseded the older Institute of Mining and Metallurgy 
series in 1932. The openings in the screens closely follow those in the Tyler series, 
the slight differences being due to the more restricted British range of British Standard 
wire diameters. Specifications for round-hole sieves (A.S.T.M. 311-39) are described. 

2535. Vibrating MacMnes fw Conveying and Screening. Allg. Bauztg., Mar. 1955, 
10, 445. The principle is that of two masses swinging in resonance. Summary in 
Technical Digest, No. 41, June 1955, 1. 

2536. Electrical Heating of Screens. Brit. Clayw., 1954, 62 (1), 311-3. Using step- 
down transformers, a heavy electric current is passed through the mesh wires, at low 
voltage. The screen is heated unifonnly. Photographs. 

2537. Particle Size Distribution in Powder Metallurgy. Anon. Ceramic Age, 1948 
51 (6), 324-8. Powders exposed to a nearly saturated atmosphere (water) for 72 hours 
were found to leave from 3 to 6% less on various sieves than did oven-dried material. 
Cumulative weight distribution curves of sponge iron, based on average openings of 
certified sieves showed better agreement between different sieves than comparisons 
based on nominal openings. 

2538. Tar Separator with Gyratory Screen. Chem. Processing, Nov. 1955, p. 4. To 
avoid the troublesome cleaning of the settling tanks, the solids were screened out of the 
tar before going into the tanks by a gyratory screen, 120 mesh, at 1500 rev/nun, 
around circle of in. diameter. A vortex is formed at each mesh aperture, which 
allows drainage by vortex motion and violently repels stones etc., which are helped 
off the screen by nylon brushes. The cleaning and filtering machine was supplied by 

376 



BIBLIOGRAPHY 


377 

Russell Constructions, Ltd., to the Beckton Gas Works; 4-5 lb of solid are separated 
from 1000-1500 gallons of roughly separated tar per hour. After ten million gallons, no 
cleaning of the sieve was necessary, and the time to get the moisture content down to 
5% was much reduced. The former blanketing of the steam coils by the solids was thus 
avoided. 

2539. Symposium on Air Classification. Min. Engng., 1957, 9(10), 1112-28. Papers 
by A. L. Hall, R. E. Payne, W. H. Lykken and A. R. Lukens. 

2540. A New Classifier. Chem. & Engng News, 1956, 24 Nov., 5880. In the new 
Sharpies classifier the material is fed on to a rotating saucer, which throws the material 
out through ports into a rotating air stream passing in from one side of the vessel and 
out through the bottom carrying the finer material, the coarser material moving to 
the outer part of the vessel and collected separately. Adjustable feed and air flow are 
claimed to give a very sharp cut at all rates of feed. 

2541. Vibrator Screens Heated Electrically. Engineering, Land., 30 April 1954, 596. 
Clogging is avoided. The firm of Hemy Hawkins, Cannock, has used the screen for 
clay for tile making without supervision since Aug. 1953. The supply is from a Woden 
Co. 12 kVA transformer, air-cooled, single-phase, totally enclosed. Six tappings 
provide for variation according to size of mesh and moisture in clay. 

2542. Vibrating Screens. O.E.E.C. Technical Resistance Mission, No. 127, Mining 
and Dressing of Low Grade Ores. App. inC. A summary is given of a lecture by 
Dr Decker of Klockner, Hiunboldt, Deutz, on theoretical aspects of vibrating screens, 
in which he attempts to analyse the movements of particles and the forces acting. 

2543. Nomogram for Conversion of Sieve Standards of B.S., LM.M., A.S.T.M., 
Tyler, A.F.N.O.R., D.I.N. (Old), D.LN. (New). Z. Erzbergb. Metallhuttenw., 1955, 
8 (4), 194-5. The bases of the wire and opening dimensions are given and a tabulated 
comparison is given for Tyler., A.S.T.M., I.M.M. and B.S. sieves. 

2544. Theory of Screening. Almin, K. E. Svensk. Rapp-Tidn., 1954 (2), 37-40. The 
capacity problem in series screen cascades. 

2545. On Mesh Size and Particle Size. Andersen, J. Zement,, 1931, 20, 224. Tabu¬ 
lated data show how the quantity per minute throu^ a given sieve decreases sharply 
with time, but how the particle size (diameter) increases with time by 15% and 25% 
respectively in two experiments, fine and coarse particles respectively. 

2546. Considerations and Observations <»i the Manner of Operation of Shaker Sieves. 
Andreasen, a. H. M. Sprechsaal, 1927, 60, 515-7. The movement of a shaker sieve is 
analysed mathematically. Uniform results are difficult to attain in testing, the move¬ 
ment of the sieve is often quite complicated and solutions of some difficulties have not 
yet been reached. Curves are presented showing the relation between variables and 
sieving performance. [P] 

2547. Some Investigation into Attrition durii^ Sieving. Andreasen, A. H. M. 
Sprechsaal, 1928,61,299. The possibility of deriving a standard mechanical procedure 
is discussed, and the possibilities of adding a cleaning material explored. 

2548. Improv^ents Relating to the milling of asbestos and the like Fibrous Bodies. 
Asbestos Extrachon and Machinery, Ltd. (S. Africa). Brit Pat. 705998, 1952/54. 
The patent concerns a revolving dry cylindrical screen under vacuum. See under 
Asbestos. 

2549. Developments in Sieving Processes. Batel, W. Z. Ver. dtsch. Ing., 1955,97 (13), 
393-400; 97 (14), 417-24. 

(1) Properties of moist feed and resulting phenomena on the vibrating sieve. The 
forces at the regions of particle contact, due to capillary effects of surface moisture, 
are analysed and illustrated by graphs. The relation between sieve performance, the 
moisture-content and temperature is analysed and illustrated for quartz and coal and 
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recommendations are made either to increase the sieve energy or dry the material 
beforehand. 36 figs, including photographs, diagrams, graphs and 10 refs. 

(2) Sieve Blockage and its Clearance. The sieving is hindered not only by aggrega¬ 
tion of particles but by blockage. The influence of capillary effect on blockage is 
illustrated diagrammatically and by photographs; and the forces acting are analysed. 
The influence of the mesh size on the sieve performance at different temperatures and 
moisture contents of the feed are shown graphically; the various effects, i.e. energy 
consumption, mesh size, capillary forces, of electric and inductive heating of the sieve 
are discussed, and the effects of increasing the vibration amplitude are described. 
28 figs, 16 refs. 

2550. Experimental Investigations with Screens. A Study of the Factors Affecting 
the Capacity of Vibrating Screens. BAxn^AN, V. A. Quarry Mgrs" /., 1951, 35, 41-50; 
Mech. Constr,, Moscow (Mekhan, Stroit), 1950, 7 (3), 13-8. A slightly condensed 
translation from the Russian (F.A. Shergold, Road Research Laboratory). The factors 
studied experimentally were: amplitude, frequency, size and shape of screens, percentage 
undersize in the feed, variability of feed, inclination of screen method (wet or dry), 
particle shape and moisture content of feed. Tabular and graphical representation of 
results. An empirical formula is derived for calculating the capacity of vibrating 
screens in the normal range of working conditions. 

2551. Requirements of Sieves of Vibrating Screens. Bauman, V. A. Mech. Consir., 
Moscow {Mekhan. Stroit.\ 1951, 8 (2), 22. Factors affecting the efficiency of woven- 
wire screens are examined and results are tabulated of tests on the wearing properties. 

[P] 

2552. The Theory of Unbalanced Vibration and its Application to a Small Vibrator 
fwr General Use. Berthier, R. M. Rev. Mater. Constr., 1950 (422), 332-4. Discussion 
of eccentricaOy-balanced vibrators for feeding difficult powders to and from grinding 
mills. 

2553. The Principles and Applications of a Revolutionary Screening Device. Brant, 
D. G. Bull. Amer. ceramic Soc.^ 1953, 32 (8), 267-71. The device utilizes accurately 
controlled gyratory motion in horizontal and vertical planes. Phenomenal screen 
cloth life and highly efficient and economical operation on both wet and dry screening 
has resulted in wide acceptance. The applications to ceramic materials in slip and slurry 
form are emphasized. Well illustrated diagrammatically. (The Sweco Screen.) 

2554. Comparison of the Test Sieves of Different Countries. Brewer, R. E. Rep. 
Invest. U.S. Bur. Min., No. 3766, 1944, 5 pp. Britain —2, U.S.A. -*2, Germany —1, 
France —1. Tabulated comparison. 

2555. Methods of Sieve Analysis with Particular Reference to Bone Char. Carpenter, 
F- G. and Dietz, V. R. J. Res. nat. Bur. Standards, 1950, 45, 328-46. The effective size 
of the sieve is determined by calibrated glass spheres. Could be applied to cement, etc. 

2556. Glass Spheres for tiie Measurement of the Effective Openings of Test Sieves. 
Carpenter, F. G. and Dietz, V. R. J. Res. nat. Bur. Standards, 1951, 47, 139-47. The 
effective opening of test sieves is generally somewhat larger than the nominal opening. 
A calibrated mixture of glass spheres is used. Statistical analysis showed reproduci¬ 
bility and accuracy to be within about 1%. 

2557. Apparatus for Classifying Granular Substance. Cornwall Mills, Ltd., 
Varcoe, M. Brit. Pat. 653020, 1951/52. The walls of the sieving chamber are partly 
constructed of sieving mesh, and a blast of air directed downwards into the chamber 
produces a vortex and forces the particles through the mesh. 

2558. Elimination of Screen Blindii^ by Application of Electric Heat. Craiglow, 
G. W. Br. Clayw., 1951, 60, 37. See also Bull. Amer. ceramic Soc., 1950, 29, 27, 
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2559. Theory of Sieving and Grading of Materials. Dallavalle, J. M. Micromeritics^ 
Chap. 5, 1948, 2nd Ed. Pitman, New York. 

2560. The Dynamics of Screening, Davis, R. F. Trans. Instn chem. Engrs, Land., 
1940, 18, 21-4. A mathematical analysis of the motion of particles on a horizontal 
screen, and of the motion on an electrically-vibrating screen, are presented graphically. 

2561. Standardizaticm of Testing Sieves. Djingheusian, L. E. Canada. Min. 1953, 
56 , 283-*85. A procedure is suggested. 

2562. Electrical Heating of Screens for Sieving Ground Clay, Dmitrichenko, N. S. 
and Shavrinov, M. A. Fireproof Mat.^ Moscow ipgneupory)^ 1952,17,421. To reduce 
dust and for other reasons, a Russian plant had to increase the moisture content of 
ground clay to 10-12%. Screening was then impossible with sieves of 2 x 2 mm mesh. 
A method of electrical heating is described. 

2563. Portable Field Sieve. Endecotts (Filters), Ltd. Industr. Diam. Rev., 1955, 
15 (179), 198, A new sieve has interchangeable bottoms and area of 12 sq. in. toeens 
are fixed by clamps for quick exchange, 

2564. Hanna Iron Ore Co. Uses Heated Screens to Dryscreen Wet Sticky Ores, 
Erickson, S. E. and Tanamachi, M. Min. World (San Francisco), July 1952,14,47-9. 
The changes necessary to convert to a heated deck operation, current supply and the 
securing of uniform current distribution are discussed. The screening efficiency of wet 
iron ore was considerably increased. 

2565. The Curved Sieve. A New Apparatus for Wet Screaiing of Fine Sizes. Fonteyn, 
F. J. De Ingenieur, 68 (5), 1-5. 3 Feb. 1956. The Coal Preparation Division of the 
Netherlands State Mines has recently developed an apparatus consisting of a fixed 
curved sieve with tangential supply of feed. It has proved successful for differing 
purposes. Because of its simplicity, good screening performance and low installation 
and operating costs it should find many applications for separating mixtures of solid 
and liquid. See also Gluckauf., 2 July 1955, 91, 781-6. 

2566. Principles of Mineral Dressing. Gaudin, A. M. 1939, McGraw-Hill, New York. 
Chap. 3, Laboratory sizing. 

2567. Theoretical Precision of Screen Analysis Results. Gayle, J. B. Rep. Invest. 
U.S. Bur. Min., No. 4933, 1952; Instn. Min. Metall. Abstr., Dec/Jan. 1954/5,5 (2), 85. 
The paper describes the application of probability formulae to determine the ffieoretical 
standard deviation of screen analysis results. 

2568. Enamelled Screen Gives Best Results in Soreenii^ Coke Breeze and Damp 
Matermls. Geyer, F. G. Blast Furn., Dec. 1946, 34, 1529-30. In screening coke, the 
cloth wires become so hard that they cannot be cleared by brushing. Vitreous enamel 
increased the life from 24 hours to 11-15 days, and Hersite enamel gave 55 days’ 
service. 

2569. Comparison of Dry and Wet Sieving of Mixed Abrogates and Fillers Used in 
Bituminous Mixtures. Gough, C, M. Rd 4: Rds Constr., 1955,33 (393), 282-8. 

2570. Milling Machines and Material. Grohn, H. Farbenztg., 1930, 35 , 2328, 2376, 
2424. By the use of test sieves of varying mesh, the costs of milling to any size can be 
calculated. 

2571. A Study of Size Analysis by Sievii^. Heywood, H. Trans. Instn Min. Metall., 
Land., 1945-6,15, 373. A study of particle size and shape, and the relation and effects 
of these during the sieving operation. 

2572. Application of Sizing Analyris to Mill Practice. Heywood, H. and Pryor, 

E. J. Bull. Instn Min. Metall., Bond., Mar. 1946, No. 477, p. 10. Fundamental data 
derived from laboratory screening should aid the interpretation of control tests and 
facilitate studies of mill practice. 
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2573. Fater Effici^y and Sfandaidizatfon of Test Dust. Heywood, H. Proc. B, 
Instn r^iech, Engrs, Land., 1952/3, IB, 169-174. Basic theory for the efficiency of air 
cleaners is developed. Knowledge of the intrinsic efficiency of a filter enables a mass 
efficiency of collection to be calculated for any given size composition of dust burden. 
The formulation of a standard dust specification for testing cleaners and filters has been 
developed, and the specification is incorporated in British Standard 1701:1950. The 
object has been to ensure that the test dust contains some of all the particle sizes that 
are likely to be encountered in the practical operation of vehicles and aircraft. Limits 
are given for cleaners of ‘Moderate Efficiency’ and for ‘High Efficiency’. 

2574. Vibratory Classifier. Holman Bros., Ltd. Engineerings Land., 1 Aug. 1953, 
176 (4567), 189. After removal of oversize ona screen, the required material is separa^ 
into two grades on one vibrating screen and then into four grades on two more vibratmg 
screens arranged suitably below the first. 

2575. Beneficiation in 1950. Holt, G. J. Min. Engngy N. K, 1951,3 (190), 122-5. The 
introduction of electrically-heated screens by Tyler permits the feeding of moist 
materials without blinding the screen. 

2576. Gyiat<»y Sieve. Horst, J. Chem.Age,Lond., 19 Dec. 1953,69,1273-6; Confect, 
Prod., Jan. 1954, 63-7. The gyratory motion of a freely suspended out of balance 
fly-wheel provides small amplitude rotations to sieving devices and appears applicable 
to innumerable separation operations, to liquid and viscous materials as well as to 
powders of all degrees of dryness or oiliness. Outputs 14 to 18 times greater than with 
shaker screens are said to be obtainable, due to the particles moving in concentric 
paths close to the screen which prevents blinding of the mesh. Difficult materials can 
now be screened through a fine mesh. The gyratory motion of the screen is imparted 
by a fly-wheel rotating at about 1000 rev/min with a i-h.p. motor. The screen moves 
in a small circular orbit, say -j^th in. in a horizontal plane. 

2577. Separation of a Mixture on an Inclined Oscillating Grid. Inst. f. Tech. 
Forsch. und Entwick. Sage & Co., Salzburg. Belg. Pat., 510815, 1952/53, The 
separation depends on physical characteristics of the constituents (and whether dry 
or moist), as they are able to receive more or less displacement on the upward movement 
of the vibrating sieve. 

2578. Mechanical Wet Sieve Testily Method. Kobuska, J. J. and Rodenberger, H. J. 
BidL Amer. Soc. Test, Mat., No. 200, Sept. 1954, 46-7. A mechamcal testing device 
has been designed to eliminate causes of variable results in wet sieving, to decrease 
working tune and to standardize the end point. After wetting, pasting and dispersing 
in the preferred liquid, the slurry is transferred to the sieve, which is revolved at 
constant speed, say 20 rev/min, and sprayed at a predetermined rate, say 4 Htres/min, 
and the process stopped after a definite time, say 15 minutes. The residue is dried and 
weighed in the usual manner. Diagram comparisons of results are tabulated. 

2579. Evaluatii^ the Perfonnance of a Screen. Kohn, R. Engng Min, J., 1942 (143), 
60. An improved graphical method is suggested. 

2580. Performance and Energy Ccmsumpticm of a Sieving Machine as a Function of 
file CiMnporiticMi of the MateriaL Langerbein, H. Aachen Blatter, 1954, 4 (1/2), 19-52. 
The characteristics of the sieve, its frequency and dimensions are embodied in a diagram 
which is intended to enable a desired sharpness of grading to be achieved. Abstract in 
Gluckauf, 1954, 90 (29/30), 813. 

2581. The Resonant Vibrating Screens and their Development during the Last Ten 
Years. Lenke, G. Gluckauf., 15 Jan. 1949,85,45-51. 

2582. The Screenii^ and Gradii^ of Materials. Lister, J. E. 1924, Ernest Benn. 

2583. Infib^e of Sievii^ Time cm the Accuracy of Test Sievings. Loehn, H. and 
Bachmann, H. Freiburger Forschungsheft, 1954, A22, Aufbereitung, pp. 58-70; 
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Gluckauf., 1954, 90 (25/26), 704. The important concepts of analytical sieving are 
explained. Errors in sampling and weighing, and losses in sieving are considered. 
Ej^rimental determination of the optimum sieving time. 

2584. Test Sieves. McCalman, D. Industn Chem. Mfr, 1937,13, 464. The accuracy 
of sieve testing. 1938,14, 64. The manufacture of test sieves, 1938-9,14-15, 231, 161. 
An investigation of British Standard test sieves. 

2585. Improvements in and Relatii^ to Screens and Sieves. McCarthy, C. P. Brit. 
Pat. 705367, 1949/54. The longitudinal members or bars are pressed into slots in the 
cross-members and so are easily replaced. 

2586. The Theory of Screening Efficiency. Micheun, F. Rev. Industr. min. Memoire, 
Sept. 1945, 502, 317-39. The theop^ is based on the laws of probability. Screening 
efficiency is evaluated from material data. For optimum efficiency at a theoretical 
size m, a slightly greater mesh must be used. M. M-m is calculable. 

2587. Qogging of Screens by Rescmance of tiie aoffi for Large Throi^piits. 
Michelin, F. Rev. Industr. Min., 1951,31, 650. Paper to International Conference on 
Coal Preparation. Time 1950, Institute of Fuel. A mathematical theory is given for the 
clogging of high-frequency vibrating screens by resonance effects, which are deter¬ 
mined by the distance between the brackets, the tension of the cloth and the load on the 
cloth. 

2588. New Trends in the Field of Preparaticm. Moelling, H. A. Progressus, 1953,5, 
E5, 22. The Esch Screen (Magneta) vibrates at 3000 per minute, by means of an oscilla¬ 
tion transformer which converts the mains oscillations into circular or elliptical 
mechanical oscillations through a number of specially arranged electromagnets. The 
efficiency is approx. 150% of previous designs, and with less wei^t. 

2589. A Survey of Sieve Sizes and Grade Scales. Morey, R. E. Trans. Amer. Foundrym. 
Ass., 1948, 56, 286-96. A uniform grading system, combining the best features of 
existing systems is proposed. 

2590. On the Accuracy of Sieve Analysis made by Means of Sieving Madiines. 
Mortsell, S. K. tekn. Hogsk Handl. (J’rans. Royal Institute of Technology, Stockholm), 
1948, No. 17,45 pp. Bull. Instn Min. Metall., Land., A93, Sept. 1950. The main factors 
governing accuracy have been tested and are described. 

2591. Factors Governing the Particle-size Gradii^ of Pulverized Materials. North, R. 
Industr, Chem. Mfr, 1948,24 (1), 5-11. Observations and data are based on experience 
gained with commercial installations by International Combustion, Ltd. A substantial 
difference is evident between the particle-size grading of powders which have been 
classified by air separation and those which have been sized by screening. Air-separated 
products contain no superfine particles. jP] 

2592. Classification of Broken Ore. Pohl, H. Stahl u. Eisen, 1955,75 (20), 1295-1300. 
Round holes and mesh sieves are compared. Appreciable differences exist. A table 
shows the considerable differences in sieve areas, and other dimensions and the per¬ 
centage errors in amounts passing. 

2593. An Experim^ital Study in Sievii^. Porter, J. B. Rep. nau Res. Court. Can., 
No. 22,1928. An extensive series of large-scale tests, varying one factor at a time. The 
results obtained are of theoretical and practical value in the design and operation of 
screens. 

2594. Characteristics of Screen Circuit Products. Reed, A. E. Trans. Amer. Inst, 
min. (metall.) Engrs, 1946, 169, 160-70. A discussion with diagrams of circuits and 
graphical and tabular representation of results. 

2595. The Impc^tance of Sieve Bottom in the Sieving Tedmique. Pt 1. Perforated 
Plates. Pt 2, Sieving Fabrics and Special Sfeve Bottmns. Riedel, E. ErM u. Kohle, 
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1952, 5, 171-3, 222-6. A review of German progress in the development of non- 
dogging sieves! The latest innovation is the Conidier sieve, which has conical holes 
with their axes inclined at 75° to the horizontal. Rubber fabrics for certain purposes 
have longer lives than metal fabrics. Other designs and advantages are described. 

2596. The Ultra Resonant Sieve. Reedle, V. and Lauensiein, H. Erdol u, Kohle, 
1952, 5, 98-100. A simple sieving machine is used with undamped springs and an 
operational speed above that of resonance. 3—3 *5 kW were used for moving 20 tons/h 
over a length of 12 metres, whereas only 25% of this power was used at idling. The 
machine has been used uninterruptedly for nearly two years. 

2597. Calculations on Stamped and Woven Sieves. Rotfuchs, G, Zement, 1934, 23, 
670-2. Tabulated data and graphic comparisons are made. 

2598. Investfeations into Sieve Analysis of Sands, and the Presentation of Results. 
SCHNEIDERHOHN, P. Neues Jb. Miner,, April 1953, 85 (2), 141-202. 

2599. Screening, Gradho^ and Classifyii^. Scott, R. A. Chemical Engineering 
Practice, Yol. 3, Chap. 6, pp. 128-71. Butterworths Scientific Publications, 1957. 
An analysis of the mechanism of screening, with screen construction and tables of 
mesh apertures. Machines for screening and grading are described and illustrated. 
The mechanism of the settling of particles in fluids is then analysed and the laws of 
movement of particles in fluids enunciated. 10 refs. 

2600. Efficiency of Screening Operations for Road Making Aggregates. Shergold, 
F. A. and Hosking, J. R. Engineer, Land., 24 Aug. 1956, 258-60. No general formula 
exists for expressing the efficiency of screening operations. A method has been developed 
at the Road Research Laboratory, D.S.I.R., for measuring efiSciency in the screening 
of road-making aggregates. A formula for efficiency has been developed, based on 
certain sieving characteristics of the feed material. 

2601. Theory of Screenii^. (Jn English.) Stecnberg, B. Svensk Papp-Tidu., 1953 
(20), 771-8. Principles of screening system design. 

2602. 65-Mesh Grinding with Stainless Steel Screens. Stephen, W. H. Trans, Amer, 
Inst, min, (metalL) Engrs, 1939, 134. 

2603. Screens and Separators. Sturtevant Engineering Co. Publication 1598,1930, 
30 pp. 

2604. Principles of Vibrating Screen Practice. Turvey, J. G. Trans, ceram, Soc,, 
1935, 34, 250-65. 

2605. Filtration of Very Fine Dust Yokes, Ltd. Engineering, Land,, 1955, 179 
(4659), 607. The Yokes 55 ‘Absolute’ air filter consists of esparto grass based paper 
with proportion of finely-corded long asbestos fibres, giving high dust-retention (less 
than 5 microns) and low flow restriction. Illustrations. 

2606. A Precise Method for Sieve Analysis. Weber, M. J. and Moran, R. F. Industr, 
EjigngChem,(Anal,), 1938, 10, 180-4. Testing sieves, even though to A.S.T.M. standards 
do not give accurate results without calibration. Methods of check by standard samples 
are not satisfactory. A method has been developed by use of microscope, for deter¬ 
mining the efiEective opening of plain-weaved sieves, and the value is independent of 
the size distribution of the material to be tested. Further work to improve acciuracy 
should be done. Mechanical sieve shapers should be used for reproducibility and 
accuracy and 100 g is a convenient quantity. 

2607. IMenninatkai of Cloth Area for Ladustrial Air Filters. Williams, C.E., Hatch, 
T. and Greenberg, L. Heat, Pip, Air Condit,, 1940,12,259-63. 

2608. Method of Preparatikm and Fractimiatian of Glass and Silica Spheres. Williams, 
P. S. Disc, Faraday Soc„ 1951,11,49. The powdered material is blown through a flame 
to make the grains spherical and then allowed to impinge against a vertical plate 
which was slotted horizontally for size separation. 
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CENTRIFUGAL AND CYCLONE SEPARATION 

2609. Bibliography of the liquid Solid Cyclone. J. chem. Soc. S. Afr., Feb. 1956, 
56 (8), 299-302. An. assembly of 105 references is compiled by O. F. Tangel and R. J. 
Brison of Battelle Memorial Institute, for the years 1948-54. 

2610. Classifler Uses New Theory. Chem. Engng, 1953, 60 (3), 384-6. Described 
M. H. Hebb’s invention U.S. Pat. 2616563 assigned to the Sharpies Co., wherein 
the classifying space above the cone tapers to the centre. Directing baflSes are placed 
at the inlets. Calculations, based on physical properties of the fluid and solid com¬ 
ponents, for cross-sectional area of the classifying space are given. 

2611. Spiral Sizes Powder Qearly. Anon. Chem. Engng, April 1956, 236. The 
Alpine Mikroplex spiral classifier is stated to cut clearly at any size from 325 mesh to 
2-5 microns. Efficiency is better than 70% for cuts coarser than 5 microns as compared 
with less than 60% efficiency at 50 microns with other air classifiers. The separating 
chamber is divided by spaced vanes, the air passing in on the outside of the vanes, the 
feed pgg^ing on the inside, and being caught up by the air passing through the vanes. 
Wigh uniformity in the air-flow pattern is stated to eliminate drag turbulence, and is a 
feature of the rotating separation chamber. 

2612. Producing Superfine Powders. Eiy. Atten News, 1946, 24 (284-5). Description 
of the ‘ Rema ’ air classifier. The air stream ascends in a spiral and tte material descends 
in a contracting and expanding helix. Construction, operation and peiformpice are 
described. Applications are also described and a table of mechanical details of 12 
standard mac^es is given. 

2613. Symposiuui on Dynamics of Fhnd Solid Systmns. Industr. Engng Chem. 
(fndustr.), 1949,41, 1099-1249. See p. 1108. 

2614. From Open to Qosed Circuit Grindii^ with liquid Cyclones. Anon. Rock 
Prod., 1953,56 (7), 62-6. See under Open v. Closed Circuit. [P] 

2615. Hydraulic Classification of Powdoa. Sci. Libr. Bibliogr. Ser., 1939, No. 473, 
622-75.46 refs from 1933-7. 

2616. CoDoquium on Cydmie Separation. Delft 27 Jan. 1953. Anon. TonindustrZtg, 
1953, 77 (3/4), 58-9. Full summaries of 8 contributions are given (none English). 
One contribution is on the hydrocyclone. 

2617. Problems of Cydcme Separates. Verein Deutsche Ingenieur Fachauschuss fiir 
Staubtedmik. Tagungsheft 3.27 Jan. 1953. Duisberg. 

(1) Researches into Cyclone Separators. Prof. A. J. ter Linden, Delft. (2) Pressure 
losses and separation capacity of Cydone Separators. Dr. Ing. W. Barth, V.D.I., 
Karlsruhe. (3) Determination of pressure losses in Cydone Separators. Dr. Ing. G. 
Weidner, Karlsruhe. (4) Possibilities of recovery of draft energy of Cyclone Separators. 
Dr Ing O Karlsruhe. (5) The effect of dust content on the degree of dust 

Dr. Ing. H. van der Kolk, V.D.I., Helmstede. (6 )The influenceof the soUd 
materials on pressure drop. Dr. Ing. R. Nagel, VJD.I., Ofienbach a/M. (7) Researches 
on the Hydrocyclone. Dr. Ing. G. Hausberg, V.D.I., Essen. Discussion, pp. 33-9, 
87 refs, to literature, 9 refs, to books, etc. 

2618. Hie Practical A^catitm of Hydrocydmies oi MiHiiig Cirote on SunAy 
Gdd Mines. Adamson, R. J. and Mortimer, J. H. J. chem. Soc. S. Africa, Oct 1955, 
56 (4), 169-181. Symposium on Hydroryclones. During the period Jan. 1953 to June 
1955 hydroryclones have replaced orthodox classifiers to varying degrees in eleven 
mining plants. Diameters were from 12 to 36 in. and the typt were (1) 20° ^e omes 
and (2) <ylindrical. The seven main advantages are itemized; (1) reduction in gold 
locked up in the milling circuit; ( 2 ) h^r mineral concentration in underflow; (3) reduc¬ 
tion in maintenance costs; (4) minimum of pulp circulation; (5) reduced labour, e.g. 
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greasers; (6) less opportunity of theft of gold concentrate; (7) lower accident risk; 
(8) very low initial cost; (9) easy adaptation for experimental purposes; (10) experi¬ 
ments can be conducted without disturbing plant equipment. Performance at the 
various plants is presented in tabular form. [P] 

2619. Hydraulic Classifiers as an Aid to Batch Grinding: Some Possible Economies 
in Grinding Pottery MateriaL Andrews, L. Trans, ceram. Soc., 1931, 30, 98-111, 
During an 8-hour grind on a pan mill, the material was examined at 2-hour intervals, 
and the relative proportions of different grain-sizes, the relative quantities of —10 mu 
materials produced, and the relative increases in the surface of the material for each 
successive period were determined. A simple hydraulic classifier for use with existing 
pan mills or cylinders is described, and its advantages are pointed out. A rapid labora¬ 
tory elutriator for continuous works use is also described. 

2620. Classified Grinding Research. Andrews, L. Trans. Instn Min. MetalL^ Lond.^ 
Forty-eighth Session, 1938-1939, 141-207. The theory is advanced that the rise in 
temperature in a wet-grinding mill is due to (1) molecular strain and shearing in the 
suspending medium; (2) molecular agitation in particles not fractured by the blows 
received. Results are given of laboratory experiments of works tests which appear to 
confirm the theory. The application of the theory to milling and classification practice 
is discussed and recommendations are made for research on these lines. A specification 
of the conditions with which classifiers for such research should comply, and the principle 
and design of suitable classifiers are discussed. Discussion 165-207. [P] 

2621. Notes mi the Ai^licatioii of Hydrocydmies in the West Rand Consolidated 
Mines, Ltd. Arthur, J. A. J. chem. Soc. S. Afr., Feb. 1956,56 (8), 295-99. The results 
of installing a 27-in. 20° cyclone in the secondary imllmg circuit for replacing two bowl 
classifiers and increasing output are presented in tabular fom. 

2622. A Technique for Entraining Fine Powders in an Air Stream at a Constant Rate. 
Atkins, B. R. J. ScL Instrum,, 1951, 28 (7), 221. A laboratory unit for delivering dry 
coal powder into an air stream at a controlled rate of about 1 Ib/h. 

2623. A Sim]de Method of Separation of Particles between 1*0 and 0*01 Micron. 
Avy, A., Railliere, R. Chim. et Industr., 1953, 69 (3), 431-4. Method and calculations 
are given for sizing by use of a centrifuge at 6000 rev/min. Results are tabulated and 
embodied in curves on a logarithmic scale showing size distribution by numerical and 
weight evaluations. There is good agreement between the curves for each method using 
indigo. The fractions separated after centrifugiag from 1 minute to 1 hour are weighed, 
and diameters, etc., calculated from the wei^ts and the times of centrifuging. The 
method is considered sufficiently rapid and accurate. See also Donohue and Bostock, 
Particle Size Determination. 

2624. Classificatioa of the Grinding Process in Oscillatii^ Mills with Wet Chaige. 
Bachmann, D. Verfahrenstechrdk, 1940, No. 3, 82-9. Model experiments with different 
types of balls and mills and grinding experiments with marble suspensions (20%) are 
described* Calibration experiments showed that the fineness of the charge could be 
read as a fimction of the observed setting line. 21 refs. See Bull. Brit. Coal Res. Ass., 
1941, 5 (4), 79, L.478. 

2625. Separatimi by Centrifi^tion in Dense Media. Pilot plant trial at Gottelhom, 
Saar. Belugon, P. Note Technique, Centre d’fitudes et Recherches des Charbonnages 
de France, May 1949. 

2626. Clasrification by Air. Blare, E. C. U^uipement Mdcanique, 1951, 29 (255), 
11-23. A detailed theoretical study of the physical phenomena on which air classifica¬ 
tion is based is given, and different designs of classifiers are described. Air classifiers 
begin to be useful at 0*5 mm. Economic use industrially begins at 0*2 mm. 

2627. ImpxiTemeiits in or Relating to Clasrifims Particularly for Use in Grinding or 



BIBLIOGRAPHY 


385 


Pulverizing Solids, Blaw Knox Co. Brit. Pat, 634723,1946. A classifier for connection 
to an impact pulverizer in a closed circuit with a spreader cone in the housing with an 
outlet for floating particles and a hopper for oversize to be re-circulated. 

2628. Calculating Classifier Data. Bond, F. C. Engng Min. /., 1950, 151 (12), 90. 

2629. Short Column Hydraulic Elutriator for Subsieve Size. Cooke, S. R. B. Rep. 
Invest. U.S. Bur. Min., No. 3333, Feb. 1937, 39-51. 

2630. Cyclone Operating Factors and Capacities on Coal and Refuse Slurries. 
Dahlstrom, D. a. Trans. Amer. Inst. min. (metdlL) Engrs, 1949,184, 331-44. 

2631. High Speed Classification and Desliming with the liquid Solid Cyclone. 
Dahlstrom, D. A. Trans. Amer. Inst. min. (metalLy Engrs, 1951, 190, 153-65. 

2632. High Efficiency Desliming by Use of Hydraulic Water Additions to the liquid 
Solid Cyclone. Dahlstrom, D. A. Min. Engng, N.Y., 1952, 4 (2), 788-93. Results 
described and tabulated of the experimental work on the two-stage process for more 
efficient removal of slimes from valuable solids where economies require smaller size 
recovery. [P] 

2633. The Ibeory of Pneumatic Cimveying. Dallavalle, J. M. Heat & Ventilation, 
1942, 39, 28-32. 

2634. Classification in Hydrocyclones. Darby, G. M. Bull. Amer. ceram. Soc., 
1955, 34 (9), 287-90. The paper discusses the history and development of liquid solid 
cyclones and their operations as classifiers. 

2635. The Efficiency of Cyclone Dust Separators. Dauphin, J. Genie Chimique, 1955, 
73 (5), 121-9. The dust is characterized not by its diameter or speed but by a parameter 
which has the dimensions of time. This parameter, when dealing with equations of 
movement in the cyclone, allows the theory of Rosin and of Muhlrad to be appHed 
quite simply with regard to the intrinsic efficiency. The author then describes his own 
theory which takes account of the movement of the air, which is ne^ected in the pre¬ 
ceding theories. He introduces the concept of the stationary particle, and obtains 
results for efficiency which agree with experiment. Mainly mathematical treatment. 
4 refs. 

2636. The Separation of Airborne Dust and Particles. Davies, C. N. Proc, Instn 
mech. Engrs, Lond. 1952, IB, 185-98. 50 refs. See under Dust Hazards. 

2637. The Application of the liquid Solid Cyclone as a Classifier in Closed Circuit 
Grinding at Rand Leases (V) G.M. Co., Ltd. Dennehy, M. J. and Kok, S. K. de. 
J. chem. Soc. S. Afr., Mar. 1953, 53 (9), 261-84. An experimental investigation with 
the hydraulic cyclone in closed circuit grinding is reported. It proved possible to 
incorporate the cyclone in a plant designed for mechanical classification, at low cost 
and without interfering with current operations. The device can compete successfully 
with the more costly classifiers used in primary and secondary milling circuits. A 
number of advantages is discussed. Design and operation of the hydraulic cyclone are 
fully described and performance data axe presented in ten tables. Diagrams, illustrations, 
discussion, 18 refs. [P] 

2638. Fine Grinding and Classification. Dorr, J. V. N. and Arable, A. Trans. Amer. 
Inst. min. (metall.) pjtgrs, 1935,112, 161; Milling Methods, 1934. 

2639. Recent Developmraits in Classification and Fluidizatimi as Applicatkms of the 
Principles of Particle Dynamics. Dorr, J. V. N., and Bosqui, F. L. Symposium on 
Mineral Dressing, London, Sept. 1952, Paper No. 10. Institute of Mining and Metal¬ 
lurgy. Description and illustrations of Dorr classifiers and separators and fiuidiz^ 
reactors. Ei^t tables of data on the operation of classifiers. 24 refs. Published in 
Recent Advances in Mineral Dressing, 1953, Institution of Mining and Metallurgy. [P] 

2640. The Use of Centriftsal Force frar Cleaning Fine Coal. Drbbssen, M. G. /. Inst. 
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FueU I>ec. 1945, 19, 33-47. Cleaning in heavy liquids and suspensions, with special 
reference to the cyclone washer. 

2641. The Use of Hydraulic Cydooes in Thickeners and Wasl^rs in Modem Coal 
Preparation. Driessen, M. G, Trans, Amer. Inst, min, (metalL) Engrs, 1948, 177, 240; 
Tech, Publ, Amer, Inst, Min, Engrs^ No. 2315; Coal Tech,^ Aug. 1947. 

2642. Theory of Flow in a Cyclone, hifluence of Turbulence and its Mathematical 
liiteriHretation. Driessen, M. G. Rev, Industr, min,. Mar. 1951, 449-61. 

2643. The Apjdicatiim of Centrifugal Forces to Gravitational Classifiers. Emmett, 
R. C. and Dahlstrom, D. A. Min, Engng, N,Y,, 1953, 5 (10), 1015-21. A different 
approach to gravitational classification equipment has been proposed to afford more 
‘self-regulation’ to the operation, enlarge capadty per square foot and possibly to 
increase sharpness of classification at no increase in power requirements. Experimental 
evidence indicates that this can be done. It is presented in graphic and tabular form. 
8 refs. 

2644. Differential Grinding in a Cydone Shown by Screen Tests. Erickson, S. E. 
Engng Min, J,, 1954, 155 (1), 95, 168. A series of tables shows that in wet cyclones 
generally used for concentration, thickening, etc., a grinding can take place comparable 
with standard ball mill grinding, and with selectivity in output. A 6-in. cyclone was used. 

2645. Classifiar E^imcy. An Experimental Study. Fahrenwaid, A. W. Trans, 
Amer, Inst, min, imetall,) ^grs, 1930, 87, 82-93. The inadequacy of sieve sizing as a 
basis of measuring classifier eflSciency is discussed. Grain density and configuration 
are disturbing factors. The influence of these is shown mathematically, and an ideal 
classification diagram on the basis of size and specific gravity is presented. The purpose 
of the paper is to present a new experimental method of measuring classifier efiiciency. 
This is based on an air elutriation method and is intended to measure the efficiency of 
removal of the finished product. 

2646. The Cyclone as a SeparatiDg Tool in Mineral Dressing. Fern, K. A. Trans, 
Instn chem, Engrs, Lord,, 1952, 30, 82-6. Results are given of tests carried out with 
3-in. and 6-in. diameter cyclones on a variety of minerals in heavy suspension in order 
to test the effect of variables on separations. 4 refs. [P] 

2647. Operatiiig Behaviour of Liquid-Scfiid Cydcmes. Fitch, E. B. and Johnson, 
E. C. Min, Ekgng, N, T., 1953,5 (2); Trans, Amer, Inst, min, (jnetall^ Engrs, 196,304-8. 
The operating behaviour of liquid-solid cyclones is outlined, together with the nature 
and range of the process results obtainable. Flow and separation ranges expected in 
standard units are tabulated, and classification factors presented graphically against 
micron sizes. 

2648. The Hydrocydone its Applicatimi and Explanation. Fonteyn, F. J. and 
Duksman, C. Symposium on Mineral Dressing, London, Sept. 1952, Paper No. 18. 
Institute of Mining and Metallurgy. Includes 6 tables of data on various examples of 
separation. 8 refs. Published in Recent Advances in Mineral Dressing, 1953, Institute 
of Mining and Metallurgy. 

2649. Screamy and Classification in Grindii^ Circuits. Gray, S. and Elliot, P. M. 
Trans, Canad, Min, Inst, (Inst, Min, MetalL), 1946,49,466-73. Description of classify¬ 
ing methods and plant data presented. [P] 

2650. Air Classification in Polverizii^. Hardinge, H. Industr, Engng Chem, (Industr \ 
1934,26,1139^2. 

2651. Classifeliig Method for Pulvmzed Mataials. Hardinge, H. U,S, Fat, 2381954, 
1945. Centrifugal force is used to separate the oversize from the fines, while the fines 
which get carried along with the oversize are reclassified by means of the hindered 
settling principle. 
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2652. Splitting the Minus 200 with Superpann^ and Infra-sizer. Haultain, H. E. T. 
Trans, Canad, Min, Inst, {Inst, Min, MetaU,\ 1937, 40, 229-40. See under Particle Size 
Determination. 

2653. A New Infrasizer. Haultain, H. E. Trans, Canad, Min, Inst, (Inst, Min, and 
MetalL), 1950, 53, 78-81. Has only two cones instead of seven and splits 25 grams of 
sample into two portions in 30 minutes. 

2654. Classifier Uses New Theory. Hebb, H. Chem. Engng^ Mar. 1953, 60, 384-6; 
U,S, Pat, 2616563, 1953. A centrifugal (vortex) classifier is designed on a calculated 
height of the classifying zone, based on a balance between centrifugal and drag forces. 
The feed air and solid particles are admitted tangentially around the periphery and are 
further subjected to rotation between tapering discs, spaced a short distance apart, 
and tapering to a thin section at the centre of rotation where fine materials are with¬ 
drawn. Rejects at the periphery drop through slots into a conical space beneath. 

2655. Liquid Cyclones. Hesling, S. Chem, & Process Engng, 1952, 33 (9), 483-5. 
11 refs. 

2656. Difficult Classification Problems are Solved with the Dutch State Mines 
Cyclone. Hochsheid, R. E. /. chem, Soc, S, Afr,, Nov. 1955, 56 (5), 197-204. 

2657. Notes on the Ihfrasizer and Superpanner. Jones, W. R. Bull, Inst. Min, MetalL^ 
Land,, No. 431, Aug. 1940. 3 pp. The infra-sizer can split 200-mesh material into seven 
separate sizes, the finest being Mow ten microns. The adhesion of fine particles to each 
other is prevented by a ball and cone device. The superpanner separates materials of 
different specific gravities. 

2658. A Preliminary Study of the Motion of Particles in a Hydraulic Cyclone, 
Velocity Measurements in a Perspex Cyclone. Kelsall, D. F. Chem, and Process 
Engng, 1952, 33 (5), 261; Trans, Instn, chem, Engrs, Land,, 1952, 30 (10). These papers 
are amplified in the contribution of Kelsall at the Symposium on Mineral Dressing, 
London, Sept,, 1952; published by the Institute of Mining and Metallurgy, 1953. The 
work of A. Page and H. C. A. Townend, Proc, roy, Soc. A,, 135, 656, 1932, is quoted. 

2659. A Further Study of the Hydraulic Cyclmie. Kelsall, D. F. J, chem, Soc, 
S, Afr,, Sept. 1955,56 (3), 125-53. By a technique of injection of closely-sized batches 
of perspex spheres into ihe feed of a 3-m. hydraulic cyclone, the effect of several variables 
on solid elimination eflficieno^ has been investigated. This paper is republished from 
Chemical Engineering Science, 1953, 2, 254-72. It is shown that with a 3-in. cyclone, 
a J-in. diameter feed results in maximum efficiencies for a wide range of conditions; 
it is considered impossible to derive simple power relationship to describe the effect on 
particle elimination efficiency of change in feed diameter, overflow diameter and 
throughput, to cover a range including optimum conditions. The importance of turbu¬ 
lent conditions in the feed and of short circuiting flow have been demonstrated. 

2660. Pulverulent Material Classifying Means. Kennedy Van Saun Manufacturing 
AND Engineering Corporation; Niemttz, G. Brit, Pat. 687541, 1951/54. The design 
of a classifier for pulverizing m^s is described: Baffies and auxiliary classifying air 
permit easy adjustment to the desired degree of fineness. 

2661. Use of Spiral Classifiers as Ball Mill Feeders. King, T. C. Min. Engr^, N, Y., 
1950,2(9), 951; Tram, Amer. Inst. min. (Metall.) Engrs., 187. A variable speed 24-in. 
revolving helix de-waters lead-zinc concentrate and transfers it to the ball mill scoop. 

2662. A Review of Recent Develf^unents in the Use of Hydrocyclones in Mill Opera¬ 
tion. Kok, S. K. de. /. chem. Soc. S, Afr,, Feb. 1956,56 (8), 281-94. The rapid increase 
in the number of cyclones in use in the South African gold mining industry and their 
extreme flexibility have tended to produce a condition in which a study of funda¬ 
mental characteristics has lagged l^hind practice. The need for more ^damental 
research is pointed out. The results of t^ts on rand ores with large cyclones are 
embodied in 9 graphical and 9 tabular presentations. 5 refs, [P] 
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2663. Aw>licatio!i of Hydrocyclooes in Coal Waynes. Krugsman, C. International 
Conference on Coal Preparation, Paris, 1950, Paper E.4; Rev, Industr. min,, 31 Mar. 
1951 496-511; EngHsh Issue, No. 4, 462-77. 

2664. Trials and Performance Data with tibe Hydrocyclones. Krugsman, C. Chem,- 
Ing,-T€ch,, 1951, 23 (22), 540-2. [P] 

2665. Fine Grilling Investigations at Lake Sbffre Mines. (Pyrites and Gold.) Lake 
Shore Mines Staff. Trans, Canad, Min, Inst, (Inst, Min, MetalL), 1940, 43, 299-434. 
On pp. 306-11 is a discussion on necessity for calibration of test sieves by sieving the 
material concerned, since no specific relation has been found between the sieving value 
of a screen (325) mesh and the dimensional features. See No. 1119. 

2666. Investigations into Cyclones Separafion. Ter Linden, A. J. TonindustrZtg, 
1953, 77, 3/4, 49-55. A geometrical and mathematical analysis, with graphical repre¬ 
sentation of data. 4 refs. 

2667. Unsolved Problems in the Producticm of Chocolate. Lifscombe, A. G. Chem, 
Ind. (Rev.), Nov. 1954, 1375. The Bahco (Micro Particle) classifier is described 
and illustrated. A table of results is given. The makers claim that complete micro¬ 
particle separation of a sample into ei^t grain sizes by a laboratory technician need 
not exceed two hours, allowing about 15 minutes per fiaction. The separation is into 
definite grain size ranges. 

2668. The Centricyclone in Specify Metallurgical Applications. McGuire, P. G. 
(Oliver United Filters). Rock Prod,, 1953, 56 (4), 178, 182. A resume of this paper 
states that the feed is accelerated by a power-driven impeflor instead of by pressure at 
an orifice, which is absent, while the feed is not tangential. The maximum velocity at 
the peripheiy of the impeUor is about 100 ft/s or 800 G. 

2669. Theory of Fine Grindiiig, IV. Martds[, G. and Watson, W. Trans, ceram, Soc., 
1926,25,226-9; Brit, Abstr,, 1927, B543. Aimlysis of large quantities of crushed sand. 
In elutriation it was confirmed that log JVIx^ plotted against x gave a strai^t line. W 
is the weight of grade and x is the average arithmetical diameter of the particles in a 
grade. 

2670. Pneumatic Separation of Materials. Miag Vertriebsgesellschaft, Ag. 
Brit, Pat, 688335, 1949. The material is carried up pneumatically in a series of pipes, 
each pipe protruding into the next pipe of larger diameter, each annular base being 
provided with outlet for collection of the successive sizes. 

2671. Grairfbical Methods of Sizing Cyclone Dust Collectors. Monroe, L. Heat 
Ventilation, 1950, 47, 63-6; Mon, Bull, Brit. Coal Util. Res. Ass., 1951, 15, 2-56. A 
review of the work and recommendations of various authors on the dimensions of 
<^clone separators for given separation factors, volume of air and area ratio of cylinder 
to inlet. A nomogram has been developed from which the diameter of the cyclone can 
be taken; a table gives the relationship between this and other major dimensions of the 
cyclone. A further table gives the separation factor of various dusts. 

2672. The Cydone as a Dust Separator. Nagel, R. Brennst.-Wdrmekr., 1951, 3, 
331-5; Mon, Bull, Brit. Coal Util, Res. Ass,, 1951,15 (12), 449. A higher efficiency has 
been obtained with two identical cyclones in series (up to 97% separation) than with a 
large number of the same cyclones in parallel, because of the unequal distribution in the 
parallel arrangement. 

2673. The Liquid-Solid Cydone as a Classifier in a Tertiary Tube-Mflluig Circuit. 
Peachey, C. G. J, chem, Soc, S, Afr,, Sept., 1955, 56 (3), 107-23. The investigation 
was put in hand in order to understand and define the lii^tations of the cyclone, which 
have to be understood before satisfactory application can be accomplished; and further 
to overcome those limitations. The operating variables in the feed were correlated 
with performance data and dimensions of the cyclone and the results are presented in 
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seven graphs. The conclusions indicate the measures to adopt to meet variations in 
feed and maintain the desired separation and performance. The optimum diameter of 
the cyclone for various feed conditions still remains to be determined. Apart from 
altering the diameter, too coarse an overflow can only be met by using secondary 
classification. 

2674. Dust and Mist Collection. Perry, J. H. Chemical Engineers Handbook^ 1013, 
1950, McGraw-Hill, New York. A comprehensive bibliography, compiled by C. E. 
Lapple. 

2675. Air Separator Tube Mills. Rammler, E. and Prockat, F. Zement^ 1934, 23. 
Pp. 519-525. The methods of air classifying are described and copiously illustrated. 
Pp. 557-561. An analysis of the results of classification of ground cement ingredients. 
Full tabular comparisons. Pp. 575-577. The application of air classification and pneu¬ 
matic drying to tube mill products. [P] 

2676. Method of Operation and EflQciency of Air Classifiers. Rosin, P. and Rammler, 
E. Ber, Reichskohlenrates, No. 24; ZemenU 1929, 18, 804, 888, 942, 969. Effects of 
design and product characteristics on the efficiency of classifiers, i.e. moisture, ash, 
specific gravity, shape of particle, superfine content, temperature and humidity of the 
carrying gases and type of construction. [P] 

2677. Investigation of the Method of Operating Air Classifiers. Rosin, P. and 
Rammler, E. Ber. Reichskohlenrates^ No. 24; Zement^ 1930,19,984, 1011,1035,1060, 
Experiments on a three-roll mill with Pfeiffer air classifier axe reported. Data on the 
effects of throu^put, speed and circulating rate on the working of the classifier, and 
variation of separating efficiency at different finenesses are presented. [P] 

2678. Development of a New Screening Process for the Separation of Granular 
Mixtures by Means of a Cyclone Separator. Rumpf, H. and Wolff, K. Mon, BulL 
Brit. Coal Util. Res. Ass., 1949,13 (7), 234. Obtainable in microfilm or photostat fonn 
from: Lending Library Unit, D.S.I,R. Ref. FDX492, Frames 7443-7613. Mathematical 
and experimental investigations into the possibility of using the cyclone for separating 
out any desired grain size in the range of 1-300 mu. 

2679. The Use of Classifiers in the Brick and Tile Industry. Schouten, C. and 
VosKuiL, J. Klei, 1951, 1 (12), 3. Mechanical, hydraulic and hydrocyclone types of 
classifiers are briefly described. 

2680. The Design and Performance of Cydmie Separators. Stairmand, C. J. Trmts. 
Instn chem. Engrs, Land., 1951, 29 (3), 356-83. (Summaries in Int. chem. Engng, Feb., 
1952, 89-90, and Chem. Tr. J., 18 Jan., 1952, 1933-4.) See also Trans. Instn chem. 
Engrs, Lond., 1951, 29 (3), and Symposium on Particle Size Analysis, Institute of 
Chemical Engineers, 1947. See also Engineering, Lond., 1949, 168, 409, and R. A. 
Bagnold, TheRhysics of Blown Sand, 1949, Methuen & Co., p. 5. In the present paper, 
the general mechanism of the cyclone is described and fully illustrated, and per¬ 
formance data for some practical designs are presented. The factors affecting the 
efficiency of cyclones are discussed, and experimental support is given for the views 
expressed on design features. A recommended testing technique is iucluded. [P] 

2681. Bibliography of the Liquid-Solid Cyclone. Tangel, O. F. and Brison, R. J. 
BatteUe Mem. Inst. Columbus, Ohio. Minerals Benef. Div., Feb. 1955. A bibliography 
of 105 references, for the separate years 1948 to 1955, including 8 refs, up to 1948. 
It does not pretend to be complete, since no extensive search was made. The references 
are not annotated. 

2682. Mechanism of the Cydmie. Tarjan, G. (Institute of Mineral Dressing, Techni¬ 
cal University, Sopron.) Bdnydsz. Kohdsz. Lap., 1950, 5, 610-4. Abstracts from the 
Hungarian in J. Iron St. Inst., 1951,168, 86. A mathematical analysis is given of the 
laws governing the theory of cyclones for gas cleaning. 
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2683. The Hydrocyclone in Manganese Preparation. Tarjan, G. (Institute of Mineral 
Dressing, Technical University, Sopron.) Acta tech, hung., 4, 135-44. (English with 
Russian Summary.) The losses by the normal separation method are referred to, 
and much improved separation by means of the hydrocyclone is described. The loss 
of metal was halved. ‘The Theory and Use of the Hydrocyclone’ is discussed in ibid., 
1953, 7 (3/4), 389-409. A mathematical analysis of the operation of the hydrocyclone 
and criticisms of previous work are presented. 7 refs. 

2684. Centrifuges, Separators of Highest Efficiency. Trawinski, H. Chem.-lng.- 
Tech., 1954,26 (4), 189-201; Gluckauf., 1954,90 (25/26), 704. A theoretical treatment of 
centrifuge separation is followed by a table of performance and design data of various 
industrial t>pes of centrifuge and a classification in tabular form of 20 types of centri¬ 
fuge. A brief description of the hydrocyclone is given. 32 refs. [P] 

2685. Hydrocyclones in the Dressing of Ores. Trawinski, H. Chem.-Ing.-Tech., 1955, 
27 (1), 13-17. The results of tests with iron ore, copper-zinc ore and lead ore by the 
recently applied hydrocyclone method of separation, are reported and presented in a 
series of six graphs embodying performance data. In ibid. (4), 193-4, multi¬ 
hydrocyclones of latest construction are described by the same author. 

2686. Sizing and Sorting in Centrifugal Separators. Trawinski, H. International 
Ore Dressing Congress, Goslar, May 1955. Gesellschaft der deutsche MetaUhiitten 
und Bergleute. The author considers that hydrocyclones have an upper limit of separa¬ 
tion which coincides with the lower limit of practical screening: it may be possible to 
make cuts at 300-mu sizes by operating a cyclone in a horizontal position. If hydro¬ 
cyclones are to be used for thickening (settling), it is necessary to use a first-stage 
classifier of larger diameter and a second stage of smaller diameter for thickening. Its 
advantage in a grinding circuit over static classifiers is its ability to thicken pulps. The 
strong shearing effects make it possible to use hydrocyclones for starch and flocculated 
pulps. Discussion: high, medium and low pressure cyclones were eventually considered 
as denoting pressure of 12 metres, 3-5 metres and 30 cm. (The latter is rather low.) 
Medium pressure cyclones gave worse separation for larger particles than heavy media 
plants. The reason for the appearance of large particles in the overflow of a cyclone 
was best given by Kelsall who had found at A.E.R.E. that some short circuit of some 
magnitude existed. The 180° cyclone now marketed in the U.S. had more erosion 
on the vortex finder, but less on the w^all. Patching suggested this might be due to 
‘sanding’ of the walls, as found at A.E.R.E. More research was needed on operating 
variables, e.g. the rate of injection and the nature of the core. Trawinski said that the 
latest Dorrclones had a flat spiral feed and entry over a large proportion of the 
circumference. 

2687. Means of Inhibiting the Escape of Oversize Particles from Circulatory Pul¬ 
verizing Mills. Trost, C. U.S. Pat. 2588945, 1952. A new guard ring device to prevent 
the escape of oversize particles from circulatory pulverizing mills. 

2688. A Study of the Application of the Cyclone Wa^CT and its Application to Witbank 
Fine Coal. Van der Walt, P. J. J. chem. Soc. S. Afr., Aug. 1950, 51, 2. 

2689. Fluo Solids Air Sizer and Dryer. Wall, C. J. and Ash, W. J. Industr. Engng 
Chem. {Industr.), 1949,41 (6), 1247. 

2690. Concentric Cone Separator. Wilson, B. W. Aust. J. appl. ScL, Mar. 1953.. 
Description of the turbocyclone for separation of particles weU below 10 mu. Two* 
concentric rotating cones contain the gas in the annulus. The gas is accelerated to the 
same angular velocity by a series of carefully designed blades. At the discharge end the 
gases pass through another set of blades, and so some of the rotational energy is 
recovered. The particles or droplets migrate towards the outer casing where a filrn of 
liquid prevents re-entrainment and carries away the particles. A number of snags has. 
still to be overcome. 
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2691. Dust Proof Sifting Machine. Anon. Engineering, Land., 1952, 174, 647. 
The machine contains eight sieves with a total capacity up to 3 tons per hour. It is 
totally enclosed, but an exhaust fan can be fitted if desired. 

2692. Air Filters for Ventilating and Air Conditioning Installations. Anon. Sulzer 
tech. Rev., 1955 (2), 1-15. Describes the significance of dust particles in the air, the 
contents at various localities and the appropriate dust limits for industrial, medical 
and other operations. 

The methods of measuring atmospheric dust (9 methods) are described, the apparatus 
illustrated and the capabilities tabulated. The ranges of application to numerous 
industrial dusts are presented graphically. 

2693. Dust Separation in the Chemical Industry. Anon. Edg. Allen News, 1955, 
34 (401), 241-4. Centrifugal separators and collectors are described, 

2694. Filters for Air Supply to LC. Engines. British Standard 1701:1950. An appendix 
includes a specification for the test dxist to be used, and the methods of verifying that 
the dust is in accordance with the requirements. 

2695. Review of the Literature on Dusts. Anon. Bull. U.S. Bur. Min., No. 478, 
1950, 333 pp. 

2696. Anniversary of the Working Committee on Dust Technique. Essen, March 1953. 
TonindustrZtg, May 1953, 77, 9/10, 176-80. Full summaries of a dozen contributions 
are given. 

2697. Dust Prevention and Suppression. Min. Fuel and Power, Safety in Mines 
Estab. 1955, H.M. Stationery OflSce. 13 pp. 

2698. Dust Formii^ Capabilities of Materials. Andreasen, A. H. M. and Rusmussen, 
N. H, Kolloidzschr., 1939, 86 (1), 70-7. 

2699. Characteristics and Choice of Apparatus fw Dust RemovaL Anselm, W. 
Zement-Kalk-Gips., 1950, 3 (8), 165-76; Chim. et Industr., 1951, ^ (1), 61. Factors 
infln ftnrlrig the choice of cyclones for several processes, includmg carbon black 
manufacture. 

2700. Dust Removal, Grindii^ Technique, Vertical and Rotary Kilns. Anselm, W. 
1952. Institute Tecnico de la Construcion y del Cemonto, Madrid. A long abstract, in 
German, m Zement-Kalk-Gips., 1953, 6 (4), 131. 

2701. Control and Recovery of Dust and Fume in Industry. Ashman, R. Chem. Tr. 
1952, 1221-4; Proc. Instn mech. Engrs, Land., 1952, IB (5), 157-68, Discussion 175-9. 
The purposes of control and recovery. Nature of dusts and fumes. Methods of consol 
and separation systems. Protection from explosions and fires. Suggested stmdardi^- 
tion of design. Dispersoid paths of particles through fabrics, the dust particles being 
caught on the protruding fibres of the cloth rather than on the apertures in the weave. 
Numerous diagrams. 10 refs. 

2702. Dusts. Briscoe, H. V. A. Royal Institute of Chemistry Meeting, Slough, 
Jan. 1949. The lecture dealt with the general aspects of dusts in relation to health, 
their quantities, sizes, nature and specific effects. The liberation of alkali from dusts 
and probable effect on the lung were discussed, other chemical asp^ and effect 
were also mentioned, and the use of aluminium powder to counteract sificosis referred 
to. The author’s own work on the effect of dusts on weevils was described, and how 
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dusts can be classified into sharp and soft by their effect on the wax protective coating 
on the weevil. If thk is scratched the weevil will die from loss of moisture. If the content 
drops from 40% to 30% they die. 

Wet ground material was found to be more potent than dry ground. The explanation 
is that in wet grinding the particles are kept separate. They aggregate when diy 
ground. 

2703. A Revfew of file Present Methods of Testing Industrial Dusts for Inflammability. 
Brown, K. C. Min, Fuel and Power, Safety in Mines Estab.^ Res, Rep,, No. 21, 1951, 
H.M. Stationery Office. 15 pp. 

2704. Dust Explosions in Factories. Closed Circuit Test Apparatus. Brown, K. C. 
and WooDHEAD, D. W. Min. Fuel and Power, Safety in Mines Estab,, Res. Rep,, No. 86. 
1953, H.M. Stationery Office. 17 pp. 

2705. Generation and Tyndallmetric Measurement of Dust Clouds. Chen, W. L., 
FoREsn, Jr., R, J. and Charmbtoy, H. B. Industr, Engng Chem, (Industry, 1952, 
44 (5), 1171-4. Dust of 1-30 microns; cloud produced by a sonic generator, which can 
be varied to the dust concentration required. 22 refs. 

2706. Fhysko-Chemical Studies on Dust. Pts 1 and 2. Clelland, D. W., Gumming, 
W. M. and Ritchie, P. D. J, appl, Chem., 1952,2 (1), 31-41. See under Theory, Surface 
Phenomena. 

2707. Physico-Chemical Studies on Dusts. Pt 3. Factors Affecting the Wetting of 
AirixNne Silica Dusts by Aqueous Sprays. Gumming. W. M., Massie, W. H. S. and 
Ritchie, P. D. J. appl. Chem., 1952, 2 (7), 413-22. 21 refs. 

2708. Physico-Chemical Studies on Dusts. Pt 4. Accuracy of Chemical Estimation 
of Free Silica in Rodcs and Mineral Dusts. Gumming, W. M., Dempster, P. B. and 
Ritchie, P. D. J. appl. Chem,, 1952, 2, 658-63. 11 refs. For Parts 1 and 2, see under 
Glelland, above. 

2709. Determination of Minimum Air Velocities for Exhaust Systems. Dallavalle, 
J. M. Heat Pip. Air Condit., 1932, 4, 639-41. 

2710. Control of Industrial Dusts. Dallavalle, J. M. Mech. Engng, N.Y., 1933, 55, 
621-4. 
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2712. (A) Principles of Hood Des^. (B) The Significance of Dust Counts. Dalla¬ 
valle,, J. M. Publ. Hlth Rep., Wash., No. 54, 1939, 1095-1104. 

2713. Dust Collector Costs. Dallavalle, J. M. Chem. Engng, 1953, 60 (11), 177-84. 
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Illustrations. 

2714. Dust and Mist: Inhalation Risk and Particle Size. Davies, C. N. Brit. J. 
industr. Med., 1949, 6, 245-53. Respiratory absorption and elimination are reviewed 
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2715. The Separation of Airborne Dust and Particles. Davies, C. N. Proc. {B) Instn 
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problems. 29 refs. Discussion and communications 199-213. 50 refs. 

2716. Dust is Dangerous. Davies, C. N. 1954, Faber, 116 pp., 215-. Od, The book 
deals with industrial dust hazards, sampling, explosions, house and non-industrial 
dusts and radioactive dust. The effects on health are stressed. 

2717. Notes on the Physics of Dust Dii^rsion. Dawes, J. G. Min, of Fuel and Power 
Safety in Mines Estab, Res. Rep., No. 3,1950, H.M. Stationery Office. 37 pp. 
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Buhler Gessner, W. Jutzi; Optical particle size analysis, H. E. Rose; Precipitation of 
dusts by means of their electrical properties, A. Winkel. 

2721. Dust Technique. Feifel, E. Radex Rdsch., 1952-4. See under Size Distribu¬ 
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2722. Foam Screen Licks a Dust Control Poser. Foulon, L. H. A. U.S. Pat. 16117^, 
1954. Chem. Engng, 1954, 61 (7), 278. A layer of foam is used to catch very fine dust 
particles defying other means of collection. Foam has a high wetting power and good 
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2723. Dust and Its Effect on the Respiratory System. Gill, G. H. 1947, H. K. Lewis 
& Co., Ltd., London. 

2724. The Size Frequency of Particles m Mineral Dusts. Green, H. L. Trans. Faraday 
Soc., 1936, 32 (8), 1091-1100. 

2725. investigations on the Suitability of Various Dust Measuring Ihstrumwits for 
the Industrial Measurement of Mineral Dusts. Hasenclever, D. Staub, 15 Sept, 
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measuring instruments, and statistical basis for investigation. The following instru¬ 
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2726. Filter Efficiency and Standardization of Test Dust. Heywood, H. Proc. Instn 
mech. Engrs, Land., 1952, IB (5), 169-74; Discussion, 175-9. B^ic theory for efficiency 
of aircleaners and filters is developed. Mass efficiency and intrinsic efficiency. The 
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for cleaners and filters for air supply to internal-combustion engines B.S. 1701: 1950 
has been adopted by Ministry of Supply. The object of the specification is to ensure 
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2727. Aerodynamic Properties of Screens and Fabrics. Hoener, S. F. Textile Res. 
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2728. The Hollinger Crushing Plant. Hollinger Mill Staff. Canad, Min. metalL 
Bull., 9/1953, 46 (499), 550-76. Pages 571-3 describe the measures taken to control 
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concentration data are tabulated. 

2729. The Study of Dusts in Industrial Atmospheres. Holt, P. F. Metallurgia, Manchr, 
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tion of mass concentration. Pt V. Determination of mass concentration by the volatile 
filter method. 
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{metall.) Engrs, 1953, 196, 689-95. Description, illustrations and data on the exhaust 
system of the above mines. 6 refs. Specifications for hood, face velocities and branch 
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2733. Practical Aspects of Industiia] Dust Suppression. Lawrie, W. B. Brit. J. 
industr. Safety, 1951, 2, 75-83; libber Abstr., 1952, 30 (4), 163. Elimination, control, 
ventilation, recent developments, diagram of removal system. 4 refs. 
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2735. Atmospheric Pollution. McCabe, L. C. Industr. Engng Chem. {Industry 1953, 
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2736. Handbuch der Staub Technik. Meldau, R. 1952, Deutscher Ingenieur Verlag, 
DQsseldorf. Pt 1. 204 pp., 155 illustrations, 647 refs. Fundamental theory of dust 
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42 (4), pp. 131-2. 

2737. Pressure Relieving Capacities of Diaphragms and Other Devices for Venting 
Dust Explosions. Nagy, J., Zeilinger, J. E. and Hartmann, I. Rep. Invest. U.S. Bur. 
Min., No. 4636, 1950. 

2738. Control of Dusts by Water Mists. Nelson, K. W. Arch, industr. Hyg., 1951, 
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2739. Protectii^ Men and Machines from Dust. Nemmers, R, J. Compr. Air {Mag.), 
1954,59 (9), 242-7; (10), 280-4. A Survey Article; 21 illustrations, 

2740. S<mic Precipitation of Smoke, Fumes and Dust Particles. Nord, M. Chem. 
JE^gng, 1950, 57 (10), 116-9. A brief outline of the theory, and a review of the most 
important patents and papers published on the subject. 
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2741. Agglomeration of Smoke, Fog, <»• Dust Particles by Sonic Waves. St. Clair, 
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2742. Dust Flames and Dust Explosions. Schlaffer, P. MonaisbulL schweiz, Ver, 
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2744. New Dust Filters Giving Unequalled Results. Smith, W. J. and Stafford, E. 
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2746. The Fundamental Mechanism of Dust Collection. Stairmand, C. J. Heat, 
Vent. Engr., 1953, 25, 207. 

2747. Investigation of a Photo-electric Device for the Determination of Low Con¬ 
centrations of Dust. Stone, D. E. Rep. Invest. U.S. Bur. Min., No. 4782, 1951, 6 pp., 
6 figs. 

2748. The Presentation and Meaning of Grain Size Distribution. Strassen, H. 
Radex Rdsch., 1955 (1), 345-8. Contribution to the paper of E. Feifel, Radex Rdsch., 
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2749. Dust CharactCTistics, ProbiCTis and Ccmtrol. Sturtevant Engineering Co., 
London. Publication No. 2004,1956,71 pp. This book is copiously illustrated and deals 
with dust sizing, atmospheric pollution, dust hazard in industry, and characteristics of 
dust filters and separators. The treatment is in the nature of a text-book. 

2750. Industrial Dust. Vowles, H. P. J. India Soc. Engrs, May 1948, 13, 92-3. The 
effect on lung damage of stone dusting in coal mines is discussed. The effectiveness of 
limestone containing a high proportion of magnesium carbonate on reducing explosion 
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2753. Dedi^tiiig dunog Handlii^ of Dry Materials. Wittenburg, D. Chim. et Industr., 

1951, 66 (7), 56-61. Dust is spread by air currents in various operations quoted. 
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2754- Bust and Healdi in Industry. Wright, B. M. Advanc. ScL, Lond., 1956,12 (48), 
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(12), 313-4; 1949,55 (2), 34. The accumulating of electrostatic charges can be prevented 
by adding a polar material such as alcohol or a soap, and earthing the mill with a sliding 
contact. 
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1952. H.M. Stationery Office. Two recommendations are made: (1) concerns standard 
methods of testing; (2) internationally recognized standardized apparatus. Summary in 
Chem. Age, Lond., 26 Dec. 1953, 1521-3. 
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Engng, N. Y., 1953, 75 (4), 307-13. 14 refs. 
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2780. Prevention of Gas and Dust Exjdosioiis. Brown, H. R. Inform. Circ. U.S. 
Bur. Min., No. 7309, 1946, 7 pp. A collection of data on industrial dust explosions. 
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bonaceous dusts are given. 

2781. Design of Explosion Pressure Vents. Brown, H. R. Engng News Rec., 3 Oct. 
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2786. Hie Ignidan of Di^t Ooiids by Electrostatic Discharge, pp. 113-21, Cox, E. G. 
and Peace, A. G. Society of the Chemical Industry. Conference on Dust in Industry, 
Leeds. Sept. 1948. 

2787. The Expiosibility of Very Fine Coal Dust. Cybulski, W, Rev. Industr. min., 
April 1953, 34 (592), 326-33. A study of the relation between explosibility and the 
specific surface area of very fine coal dusts. It is shown that for normal fineness (25-85% 
less than 75 microns), explosibility increases with specific surface, and it is possible for 
an extremely fine powder (even with an inert content of over 70%) to propagate an 
explosion. These results are from gallery experience, but they oppose certain laboratory 
results, where it is found that explosibility decreases with increasing fineness above a 
specific value. Tables, curves. 

2788. Mill Drying of Coal. FrrzE, M. E. Trans. Amer. Soc. mech. Engrs, May 1954, 
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G. G. and Morris, G. Industr. Chem. Mfr., Dec. 1953, 29, 347, 585-90. Estimation of 
activity required and other aspects. The drying of lead styphnate is used as an example. 
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Hartmann, I., Howarth, H. C. and Greenwald, H. P. 1940, Tech. Pap. Bur. Min., 
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2801. Fine Grinding in Tube Mills. Pearson, B. M. Rock Prod., 1952, 55 (12), 106. 
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sparks and fire. Ihe danger can be avoided by earthing the irrillj adding water to 
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at heated locations, addition of carbon or rosin, increase the conductivity of the air by 
Rontgen or by U.V. rays, or electromagnetically. 

In the fine grinding of cement containing gypsum, the latter, being softer, reduces 
first but then aggregates, leaving the cement particles free and so reduces the delayed 
setting effect. The addition of raw gypsum can release considerable water, however, 
and so reduce electric charging. 

2802. Fires Involving Dusts. Rasbash, D. J. Fire Offices Committee, London. 
Fire Protection Association Technical Booklet No. 5, 1949. 

2803. Dust Fires. Rasbash, D. J. Industn Heat Engr, 1951, 13 (69), 195-7; (70), 
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SPECIFIC MATERIALS 

2805. Sulphur Grinding. Anon., Chem. & Process Engng, 1952,33 (6), 323. See under 
Sulphur. 

2806. Magnesium: Grinding Precautiims. Anon. Light Metal Age, Feb. 1954, 12, 
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Abbe Dispersall mixer, 2228 
Abrasion grinding, 58, 263-7 
Abrasives, 1601-10 
A.C. mill, 43 

Acoustic field analysis, 410 
Additives, 5^, 620-51 
Adsorption of electroljrtes, 446-7 
Aerofall mill, 5P, 968-78 
Aerosol, 2439 
Age hardening, 19 
Agglomeration, 277-8, 2702 
Aggregate, 61, 368, 482, 737, 838, 860, 889, 
1117, 1611-64,2569, 2600 
British v. German practice, 1629 
density, 1632 
gap graded, 1664 
method of test, 1611—14,1684 
mobile plant, 1643, 1651 
Ag^egation, 237,477, 500,1307 
Agriculture 

crops, 2318,2322-3, 2334 
dusts, 2816 

Air and steam jet mills, 1538-87 
Alpine Microplex classifier, 2611 
Alsing mill, 1202,1218 
Alumina, 982, 1831, 2112, 2325 
Aluminium, 191,2113,2180,2769,2778,2783, 
2810, 2818 

Angers mill, 1483, 1540-1, 1551 
Angle disintegrator, 1466 
Anhydrite, 37 
Annealing, 190 
Apatite, 1298 

Anthracite, 1576,1926,1938,2042 

A reduction mill, 1503-4,1507 

Asbestos, 1665-9 

Ash, pulverized fuel, 2312, 2319 

Associated energy, 10,11, 42, 61 

Atomill, 1448,1457,1461 

Attritor mill, 59, 480, 1479,1987, 2252 

Bahco separator, 31, 2392, 2667 
Balancing of mills, 2026 
Balek crusher, 903 
Ball, pebble, tube mills, 35 
equipment, 815, 979—1036 
biconical, 1120 
Bloch Rosetti design, 1323 
calorimeter, 11 

cascading t?. cataracting, 1178,1228 
centrifugal, 40,462, 804,1009,1320,1324, 
1327, 1332, 1436 


colloid grinding, 1513 
conical, 1002,1013 
contact area, 1090 
critical speed, 58 
dead load, 1095 

dynamics, 2,16, 1142, 1156-7,1315 

E. type, 1368-75 

eflSciency, 1055 

electrostatic charge, 1144 

Fischer’s theory, 1140 

Fridkin drive, 1158 

gear failure, 1026 

gyratory, 1320, 1328, 1330 

hi^ V. low discharge, 1067, 1077, 1210 

hi^ pressure, 1133 

jacketed, 1020, 1023, 1033 

linings, 1008,1016,1216-43 

low humidity, 1760 

Incite, 1175 

Malmberget investigations, 1077 
Neronov theory, 1141 
noise, 1084 

open V. closed circuit, 1187-99,1699,1705, 
1710 

peripheral screen, 1015 

planetary motion, 1320-32 

pneumatic discharge, 1136 

IJTobability theory —see Breakage funcdon 

questionnaire results, 1102 

reduced load, 1121,1174 

reduced pressure, 1133 

scale formation, 1137 

slippage, 1176, 1222, 1225—6,1242 

spinning, 1325 

spiral conveyor, 1004 

surging, 1155 

theoretical papers, 1041-1186 
vacuum, 1213-15 
vertical axis, 1230-2, 2185 
vibratory (oscillatory), 1299-1319 
viscosity of fluid media, 1211-12 
water cooled, 58 
wet V, dry grindin®, 1200-9 
with vibration, 1038-40,1687 
Ball and cone mill, 3, 1376-7 
Ball and ring mill, 33,42~~3 
Ball and pebble media, 58, 1137, 1244-78 
alumina, 1048 
burundum, 1272 
casting, 1267 
classification, 1003 
close packing, 1052 
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Ball and pebble media —continued 
coating 1279 
comparison, 1204 
cubes, 1257 ,1265, 1282 
cylindrical, 1277 
Davis theory, 1290 
dynamics, 532 
extrusion, 1282 
gravel and sand media, 68 
hardening, 1283 
load, 1083 

migration, 1003, 1056 
oscillation, 1185 
paths, 1101,1107 
pebble source, 1275 
tetra-hedra, 1278 
Tocco process, 1283 
wear, 1050,1114, 1119,1280-98 
wear and power consumption, 1286 
zirconia, 1271 

Barium sulphate (barytes), 242, 443, 605, 
2317, 2331, 2512 
Basalt, 73 
Basket mill, 1497-8 
Bearings 
laminated, 671 
plastic, 804,1727 
Beater niill, 1974 
Beilby layer, 237,297, 333-4, 338 
Beryllium oxide (beiyUia), 2327, 2519 
Berz mill, 56 

Bibliographies, 1696,1912,2346,2349, 2609, 
2674, 2681 

Bimodal particle size, 358 
Biotite, 2323-4 

Blaine apparatus, 17, 1530, 2361,2530 
Blaw Knox miU, 1557, 1563, 1869 
Block^;es, 68 
Blyth elutriator, 30, 2442 
Bond theory, 11, 26-8,164,171 
extended application, 50 
Bone, 52,1772, 2555 
Bor^ 1066 
Boric acid, 251 
Boulder clay, 1823 
Bradford breaker, 748,1862,1981 
Bradley mill, 777 
Bradiey-Poitte mill, 41 
Breaka^ function, probability, 16, 271, 361, 
395, 1153, 1156-7, 1376-7, 1907 
Breakers, miscellaneous, 957-8 
Buhler automaton, 2304 

Calcium carbide, 2159 

Calcium carbonate, calcite, limestone, chalk, 
lime, 12,17,53, 68,112,251,254,260, 
444,1844-56 
Calcium cyanamide, 2082 
Cakium stalphate, gypsum, plaster, 37, 246 
Calorimeter method, 145, 260 
Carbide, 2519 


Carbide tips, 1474 

Carbon, 29, 607, 619, 647, 651,1670-9,1751, 
1758 

Carborundum, 1603 
Carborundum mill, 37, 2232, 2296 
Cascade type mills, 968-78 
Castings, 721 

Cement, 10, 31, 54, 125, 156, 419, 438, 580, 
602, 621, 632, 636, 646, 662, 667, 999, 
1092, 1117, 1159-60, 1165-8, 1190, 
1680-1763, 1793, 2400 
anhydrite process, 1693 
clinker, 57 

energy requirements, 1709 
German industry, 1686 
grmdability, 1726 
grinding aids, 1715 
methods of test, 1681-3, 2361 
questionnaire, 1720 
self grinding, 1698 
size distribution, 1717 
surface area, 1712, 1717, 1734 
vertical kilns, 1706 
wet grinding, 1713 

Ceramics, clay, 29, 49 et seq,, 18, 218, 404, 
587-602, 886, 1129-30, 1146, 1172, 
1202, 1396, 1407, 1518, 1749, 1764- 
1843, 2339, 2445 
raw materials, properties, 1749 
Chalk, Limestone, 1844-56, see also calcium 
carbonate 

Characteristic quotient, 15, 363 
Chemicals, 66, 2251-69 
Chert, 52, 740 
Ctulle mill, 43 

Chocolate, Cocoa, 1434, 2332, 2335, 2667 
Christy mill, 722 
Chromax alloy, 725, 1355 
Circular saw mill, 1463 
Classification, 2531-2690 
quotient, 15 ,100 
Clay shredder, 1810, 1835 
Cleavage planes, 186 
Closed 17. open circuit, 1187-99 
Coal, Coke, 18, 56, 57, 22, 37, 83, 265, 291, 
380-2, 393, 397,406,413-44, 587-602, 
658,768,1092,1471,1489,1857-2055, 
2688, 2773 
abrasiveness, 2054 
air control, 1891 
balancing of mills, 2026 
bedding planes, 20 
blending, 1981 

brittle fracture, 6, 7, 1913-19 
brown coal, 1921, 2017 
capillaries, 20 
coUoidal, 1530, 1959 
compressive strength, 1900 
degradation, 1878,2029 
dirty, 1995 

drop shatter test, 22, 1873, 1943, 1951 
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dynamic testing, 25 
expansion, 1982 
explosions, 1896 
feed screw crushing, 2024 
fine structure, 1888, 1929 
flaws, 20 

grindability, see Grindability 
Holland, research in, 56 
laboratory tests, 1925,1985, 2050 
matrix analysis, see Matrix analysis 
micro-structure, 22 
particle shape, 1953 
plasticity, 1893 

power consiunption, 2005-6, 2016 
pre-treatment, 20, 21 
questionnaire, 1957 
sampling, 1874 
size distribution, 18,19 
specific strength, 2027 
steam jet pulverization, 1869,1876,1881-2, 
2022, 2039, 2055 
strength, 20 
structure, 19 

surface properties, 1904-76, 1992,2023 
transport energy, 1957 
underground cutting, 1973 
by air pressure, 1983 
Coerciineter, 10, 2496 
Coffee, 61, 2086 
Coir sifter, 2338 
Coke, 36, 616, 644 
superfine grinding, 1988 
Colloid fraction, 13 
CoUoid mill, 52, 1045, 1508-37, 2254 
glass, 1517, 1783 
working surface, 1519 
Columbite, 2171 ^ ^ 

Compartment mill, 55, 1190,1714,1721,1729 
Compression tests, 4-7, 39, 87, 92 
strength, 17 

Concentra mill, 542, 994, 1037, 1108, 1171, 
1753-6 

Concrete, 88, 102, 234 
Cone cn^er, 61, 62, 480,754,948-55,1806, 
2146 

double, 958 
toothed, 957 
Conidier sieve, 2595 
Constant stress, 187 
Contamination, 546 

Control automatic, 64, 488,678-98,752,872, 
993, 1856 
box, 678 

of circulating load, 692 
of noise, 677 
of temperature, 686 
Copper hill mine, 1121,1184 
Copper powder, 2102, 2489 
Com, 451 
Cornish stone, 52 
Corundum, 1^3 


Costs, 483,499,525 
Crack formation, 204-5 
velocity, 7, 196, 210,210, 281, 324 
Crusher rolls, 50, 61, 806-30 
setting, 107 
Crushing, 60 
charts, 523, 553, 1072 
constants, 38 

efficiency, 5, 43, 61, 384, 550, 576 
empirical bases, 9 
thermal, 12 
equilibrium, 8, 9 
multiple particles, 8 
physics of, 151-2 
resistance, 68 
secondary, 61 
single particles, 3 
Crushing and grinding equipment, 
general papers, 721-79 
Crushing and grinding practice, 
general papers, A12-586 
Crystals 
aggregates, 112 
boundary distortion, 245 
dislocations, 190-7, 210 
growth, 379 
lattice, 200, 302 

physic^ properties, 109,189,202,241,253, 
295 

Cubic product, 482,1854 
see also under Aggregate 
Cyclone, 56 
application, 1699,2119 
differential grinding, 2130 
“Perspex ”,2658-9 
separation, 2609-90 
Cylindrical inills, 979-1036 


De Anza null, 1447 
Dead load, 116 

Deformation, 22, 23, 95-8, 138, 187, 206-^8, 
264,290 
of ni^tais, 112 
Density, 544 
of pulp, 63 

Diamond, 1453, 1601—10 
Dielectric constants of suspensions, 283 
Differential grinding, 445, 506, 699, 1481,. 
1539, 2129 
in cyclone, 2130 
Dilatancy, 284 

Disc m^ 1434-45,1522,1535-7,2295 
centrifugal, 1436 
Giktorf mill, 2246 
high speed, 1437 
pinned, 1492-6 
toothed, 1499 

Dislocation theory, 220,226 
Divers, iO 
Dorr mill, 2279 
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Drilling of soli<fe, 264 
Drives, 733, 996, 1029, 1122,1158,1432 
Dry V. ■wet grinding, 13, 1200-9 
Drying and grinding, 587-^2, 755, 1362, 
1779, 1784, 1792, 1936, 1954, 2007, 
2788 

Ductile naetals, 17 
Dust hazards, 2431,2691-2831 
agricultural, 2816 
cloud measurement, 2705 
dyestuffs, 1512,2251-69,2524-6 

entrainment, 2622 

filtration, 2605-7, 2692-4, 2701, 2715, 
2726-7, 2744 
inert gas, 2777 
legal aspects, 2751 
measuring instrun^nts, 2720,2725 
solubflity, 243-4, 250 
sonic collection, 2713,2730,274(1-1 
spray control, 2738 
technology, 363-5, 2482, 2605 
venting, 2737, 2781, 2796 
DyestuJBfs, 66 
Dynamics 

of ball milling, 1155-7,1315-16 
of fracture, 201 
Dynamometer, use of, 1173 


E. type mill, 42-5, 1368-74 
Edge runner mills, see Pan mi l ls 
Eel leflectometer, 2363,2366 
Elasticity theory, 155,183 
Electrohydraulic effect, 699 
Electrolytes, adsorption of, 445-6 
Ehitriation, 27, 2P, 113 et seq. 

Enamel, 642, 648, 666, 1048, 1086, 1236-8, 
1274,2057-76 
Enamdled screen, 2568 
Energy balance, 16,41,145-6,1160 
expenditure, 491 
of transport, 2,1957 
requirements, 42, 131-2, 135, 1756 
Enforced order mill, 1452 
Equilibrium theory, 5, 16, 268-76 
Equipment, general papers, 721-79 
Eifurth system, 1396 
Errors in size distribution data, 345, 362 
Esch mills, 764 
Esch screen, 2588 
Ethyl cellulose, 638 
Exo-elektronen, IS, 292 
Explosion hazards, 69 
Explosive shattering, 30, 51, 1588-1600 
of ores, 2156, 2167 


Falling weight tests, 4,9 
Fatigue, see under Metal fatigue 
Feed system, 58, 60, 529, 766, 778,1018 
screws, 772 


Feldspar, 409, 656,1814,2077—80 
Fertilizers, 2081-3 

Fibrous materials, 1435, 2318, 2329, 2333 
Fillers, 1556 
Filmill, 1448. 

Fine grinding, 62 ,487 
Fine structure, 199, 218 
Fire clay, 1812 

Fire hazards, 69, 1570, 1896, 2291—3, 2755- 
2804 

flammability limit, 69 
plant installation, 70 
smouldering, 71 
specific materials, 2805-31 
Flash drying, 600 
Flint, 55, 409,415 
mills, 12 

Flotation process, 141, 510, 527, 566 
Flour, 2295-312, 2807-13, 2826-9, 2831 
Flow of solids, 195,237 
Fluid effects, 58 

Fluid energy mills, 35,53, 1538-87,2263 
air and steam consmnption, 1530,1585 
explosive shattering, steam requirements, 
1589, 1594 
opposed jets, 1586 
Fluorspar, 443 
Fly ash, 352, 2324, 2330 
Foodstuff, 2084-7 
Force diagram, 48 
Fracture mechanism, 5-8, 184-235 
critical strap, 5 
effect of fluids, 7, 8 
Fracture surface, 297 
Free crushing, 13, 40, 42 
Freeze grinding, 657 
Friabmty, 425, 431 
Fuel efficiency, 515 

Fuller-Lehi^ mill, 1898, 2006,2010,2019 
Fuller-Peters mill, 803, 1375,2241 


Galena, 68, 206, 444 
Gaudin theory, 28, 64, 390 
Gaussian law, 20 
Geometric similarity, 14 
screen series, 7 
Giktorf mill, 2246-7 

Glass, 4,5, 198,207,209,217,229,266,2270 
2281 

effect of temperature, 308 
effect of water, 312 
fibres, 198,223, 323 
review of literature, 311 
scratch resistance, 305 
strength and surface, phenomena, 303-31 
tensile strength, 306, 327-8 
time factor, 322 
Gluten, 2085 
Gold colloid, 2477 
Grain, cereals, 1429,2807—9, 2817 
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Granite, 73 
Granulator, 1657 
Graphite, 623, 1670-9, 2327 
GriflSn mill, 773, 1356, 1363, 1786 
Griffith flaws, 209 
theory, 217, 219, 228, 232 
GrindabiHty, 12, 25, 413-44, 1338, 1860-1, 
1870-2, 1884, 1892, 1899, 1901, 1910, 
1922-3, 1935, 1939-40, 1944, 1950, 
1955-8, 1963, 1978-80, 2020, 2034, 
2052-3 

aerosuspension test, 415 
C.I.T, roU test, 442 

Cross and Fuel Res. Lab. (Canada) test, 
439-40 

data use of, 436 
effect of water, 1986 
electro-dynamometer, use of, 426-7 
Hardgrove machine, 23 
tabulated results, 418-19 
Zeisel’s development, 434 
Grinding aids, 518, 620-51,1696,1715,1751, 
1758,2073 

Grinding efficiency, see Crushing, efficiency 
Grinding media, 1244-78 
Grinding, prolonged, 121, 337 
Grinding resistance, 130 
dry, 35-43,56 
wet, 43-4-6, 52, 63 
Grinding rolls, 1414-33 
Grindometer, 2242,2379,2437, 2469 
Grog density, 2445 
Grondal mill, 1010 

Gypsum, 54, 58, 627, 633, 636, 1709, 1722, 
2088-9 

Gyradiue crusher, 2194 
Gyrasphere, 956, 1615 

Gyratory crushers, 49, 60-1, 825, 883, 
919-45 

geometrical analysis, 935 
hydraulic support, 750 
seizing, 936 
test conclusions, 939 
with double rotor, 947 
with floating member, 946 

H.S. mill, 1486, 2021 
Hadfield crusher, 2126 
HadseUmffl, 57, 973-4 
Hammer mills 
coarse reduction, 831-74 
fine reduction, 1457-91 
aiJplications, 1459 
carbide tips, 1474,1482 
Giktorf mill, 2247 
magnesium rotor, 1457,2295 
Miag mill, 55 

Hardinge mill, 43-6, 1041,1170,1181,1341 
Hardness, 298, 628 
definition, 67 
scale, 287 


Hauitain elutriator, 30 
Hazemag mill, 871 
Heat balance, 59 
development, 49 
of wetting, 606 
Hiddema mffi, 2298 
Hi^ V. low discharge, 1077,1210 
Hildebrandt mfll, 462,1014 
Historical papers, 516,451-71, 756, 762 
HoIIinger plant, 2170, 2728 
Homax mill, 1434 
Homuth mill, 1323 
Humidity effect, 652-67, 2078 
Huntington mill, 1363 
Hydraulic operation, 818, 1422 
Hydrocyclone, 2114,2121, 2190-2 
Hydrofluoric acid, 115-16, 362 
Hydrol mill, 480 
Hydrostatic iiressure, 206 


Ice, 206 
Imbibition, 238 

Impact mills, 49, 50, 1457-507,1532 
Impact, test 
falling wei^t, 88,186 
hi^ velocity, 45 
time of, 101 
twin hammer, 25 

Infirasizer, 2405^, 2442, 2653, 2657 
Ink, 2199-244 
Iron oxides, 41-2 
reduction, 2 
separation, 70 
Iso-amyl alcohol, 639 


Jaw crushers, 49, 60, 108, 569, 570, 875-917, 
988,1017,1031,1091,1301,1322,1623 
bulging, 887 
comparison tests, 909 
double action, 912 
diy bearings 912 
geometrical analysis, 896 
starting torque, 890 
stresses, 888 
teeth, 902 

V, gyratory crushers, 60-1, 819, 899 
with floating member, 918 
Jefi&ey crusher, 824 


Kallbohm mill, 1549 

Kaolin, Kaolidte, 247, 251, 289, 610, 656, 
1797-8, 1835-7, 2457, 2467 
Keonecot plant, 1352,1997,2732 
Kessl^-Fairlede breaker, 1617 
Kibbler mill, 67, 480, 812 
Kidc’s law, evolution, 167-8,171, 176 
Kick V. Kitting papss, 1, 26,159-83 
Kidwell reductiordzer, 1555, 1563 
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Kiesskalt theory, 12 
Kinetics of grinding, 268-76, 353, 372 
Knife-spread method, see Grindometer 
Kolmogoroff-Renyi theory of grain structure, 
2482 

Kominor mill, 1092 

Konoid mill, 1396 

Kramer miU, 1486, 2019-21, 2249 


Lake Shore mines, 1067, 1119,1222 
Lamp black, 278 
Lea-Nurse method, 437 
Lead oxide, 2328, 2519 
styphnate, 2789 
zinc ore, 1481 

Limestone, 438, 570, 633, 649, 1844-56,2515 
Linatex ball mill, 1238 
Liners, 55, 57, 64, 1216-43,1264 
conical, 57 
double, step, 1224-5 
rubber, 469, 1235-43 
studded, 1220 

Liquid film, hydrodynamic behaviour, 288, 
1075 

Loesche, Lopulco, mill, 42,56, 1364-7,1686, 
2010, 2019 

Lubrication, 668-73, 904, 921,1405, 1432 
Lucite, 1175 
Lurgi process, 1966 


Machine grinding, 6 ,267 
Magnesia, Magnesium hydroxide, 2502 
Magnesite, 87, 165 

Magnesium, 71, 2327, 2778, 2806, 2824 
Magnetic cores, 665, 2110 
effects, 10, 700-2 
separator, 67, 70 ,1802 
Magnetite, 700-2, 1070-1, 2138 
Malmberget mine, 1077 
Marathon mill, 1010,1340 
Marcy mill, 43-6, 1021, 1181, 1333 
Markson breaker, 2003 
Masonite process, 2333 
Materials, organic, 612, 617 
various, 55-7, 40-2, 48, 478,502, 565, 615, 
2141-4, 2309, 2328-9 

Matrix analysis, 16, 25, 32, 36, 356, 1192, 
1907-8 

Mesh tons, 110 

Metal breakage, 136-7, 215, 233, 294, 300, 
2779,2819, 2825 
detection, 679, 688,773, 1802 
dislocations, 190 
fatigue, 216, 231 
powders, 2090-113, 2819,2825 
Mi^ mill, 55 

Mica, 614, 1597,2336-7, 2343^ 
Micromerograph, 2362-5 
Micronizer process, 1842, 2094 


Mills 

all glass, 2236 
attrition, 53, 67-8 
capacity, 531 

comparison, 530, 556, 573, 757, 1035, 
1395, 1481, 1630, 1648 
control, 488, 678-98 
economic, 486 
eflficiency, 496 
German, 481 
high speed, 34 

hydraulic operation, 818, 1422 
maintenance, 498 
mechanics, 3, 25-6 
medium speed, 33 
miscellaneous, 1446-56 
operating conditions, 47-8 
portable, 724, 745 
protection, 779 
size calculations, 485 
slow speed, 33 
vibration, 563, 674-6 
welded, 747,812, 821, 985,1022 
Minerals, 47, 60 
adhesive properties, 64 
Mining law, 452 
Mixing and grinding, 981 
Moctezuma copper mill, 1257 
Molecular agitation, 15 
distortion, 1798,2087 
strength, 221 
Montmorillonite, 712 
Motion of particles, laws of, 119 
Multicut mills, 743 
Muscovite, 2323-4 


Naszkohlenmuhle, 797 
Nepheline syenite, 1572,1807 
Newhouse crusher, 950 
Newton’s law, 119 
Nitro-chalk, 1845 
Noise control, 677 

Non-mechanical methods, 1538-1600 
Noranda mines, 1231 
Nordberg crushers, 2149 
Nucleation theory, 137, 279-82, 1511 


Obturator, 1027 
Oderberg miU, 1515,1524 
Open 17. closed circuit, 36, 57, 1069, 1129, 
1187-99, 1710 
Ores, 2114-98 
abrasion, 2177 
cassiterite, 62, 63 
copper, 45, 46 
copper-nickel, 2172 

dressing, 456,511,521-2,552,555,575,1135 
explosive shattering, 2156 
flakiness, 2152 
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gold, 45, 62, 746, 792, 1097, 1115,2114^24 

grindabUity, 418-19, 434-5, 2134 

iron, 39, 40, 533,2125^ 

lead-zinc, 45, 46, 2155 

manganese, 2198 

microscopy, 2151 

taconite, 17, 30, 51 

various, 2141-98 

at various mines, 2159 

zinc, 62 

Oscillatory mills, 1299-319 
Overgrinding, All 
Oxides, 625, 1780, 2519 


Packing density, 2382, 2445,2471 
Paint, 629, 2199-244, 2823 
Pan mills, 50, 1378-413, 1816,2619 
angle of nip, 50 
automatic control, 1408 
dead plates, 50 
lacking density, 1413 
Partial degradation, 23 
Particle bank, 2345 

Particle shape, 52, 11, 84, 122-3, 128, 201, 
283, 351, 484, 503, 564, 570, 2375-7, 
2413, 2426, 2466, 2509 
Particle size and surface area determination, 
27 et seq„ 1753-5,2345-530 
Andreasen pipette, 30 
centrifuge, 27, 31 
electron microscope, 27, 28 
electronic counter, 28, 32 
equivalent diameters, 32 
by hydrometer, 30, 2398 
Lea-Nurse method, 437, 1734 
microscope, 27,28 
permeability method, 31 
photo anal^is, 30 
sedimentation, 27,29 
balance, 30 
column, 30 
shadowing, 28 
sieving, 27 
thickness, 2446 
by X-ray scattering, 2476 
Patent reviews, 578-9 
Peat, 2245-50 
Pectin, 613, 622, 2087 
Pfeiffer mill, 1686, 2677 
Photo-elastic method, 194 
Photographic technique, 6 
Pigments, 66, 608,635,638,661,715,1087-8, 
1132,1441, 1575, 2251-69 
Pinch crusher, 931 
Pinned disc ndlls, 66-7,1492-6 
Pipes, salt glazed, 50 
Pitch, fire risk, 2795 
Plastic flow, 8,13, 211 ,231 
Plastics (hi^ polym^), 198, 657, 660, 716, 
1317 


bearings, 804, 1727 
fire hazards, 2760, 2820-2 
Plauson mill, 650,1510, 1515, 1521, 1524 
Pneumatic conveying, theory, 2633, 2709, 
2711 

Pneumatic reduction, 1538-87 
Powders 

electrical resistance, 301 
fracture surfaces, 297 
metallurgy, 2537 

Power consumption, 10, 33-~47, 57-8, 1286 

Prallmuhlen, 831-74, 1552-87, 1641 

Precracked solids, 33 

Prediction of ]^rformance, 512, 519 

Preferential grinding, see differential grinding 

Problems, 1796, 1858, 1959 

Process technique, 509 

Protein, 2338 

Pyrites, 12, 68,260,444 


Quany plant, 489, 528 
Quartz, 2, 3, 12-13, 70-2, 124-6, 260, 444, 
649,1205, 2270-81 
Beilby layer, 237,297, 333-4, 338 
surface energy v^ues, 3, 236 
surface properties, 332-9 
Quern mill, 451 
Quickie, 2235 


Radioactive tracers, use of, 448-50 

Ramsbeck plant, 1219 

Rate theory, see under Time factor 

Ratio, solid-liquid, 567, 630,1066,1072 

Raymond mills, 41-2, 1353,1357-8, 2019 

Reduction ratio, 50 ,493 

Refractories, 52 

Rekase analysis, 286 

Rema mills, 1355, 1465 

Resurfacing, 728,1865 

Rigden’s apparatus, method, 2427, 2429 

Ring roll mills, 59, 1353-63 

Rittinger law, fallacies, 178 

Road aggregate, 1611-^ 

Rock salt, see Sodium chloride 
Rod mills, 36-7, 46-7, 63, 1333-52 
need for research, 1345 
Roll crushers, 806-30, 2126 
Rolls, grindi^, 61, 94,1414-33,2170 
angle of nip, 51 
capacity formula, 2244 
high sp^, 50 
kibbled, 59 

serrated rolls, 1423,1429 
stripper, 1425 
Rubber liners, 1235-43 


Saddle mill, 451 
Saggars, 1768 

Salts, molten, surface energy, 252 
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Sand, 11, 91, 115-23, 285, 1092, 2270-81, 
2510,2598 

as grinding media, 68 
physics of, 2272 
Saw pulverizer, 1463 
Scavenging, 13, 36 
Schlagmuhle, see Hammer mills 
Scleroscope, application of, 52 
Scott-Rietz mill, 1485,2282 
Screen, 63 
analysis, 34, 39,40 
changer, 856 
enamelled, 2586 
Screening, 2531-608 
Seaweed, 2282 
Seed criKhing, 2283-5 
Segre^tion, 855, 1395, 1804 
Selection fimction, 16 
Selective crushing, see Differential grinding 
Sqpaiation, centrifugal, cyclone and elutria* 
tion, 2609-90 

Separator, concentric cone, 2690 
Sewer pipes, 1765 
Sharpies classifier, 2539-40 
Shear stress, 153 

Sieves, sieving, 27, 536,2171,2531-606 
attrition on, 2547 
calibration, 15,16 
curved, 2565 
dry V. wet, 2569 
dynamics, 2560 

electrical heating, 2536,2541,2558 

enamelled, 2568 

errors in analysis, 15 

grades, 65 

test inocedure, 15 

Sieve standards, 28, 2445,2531^, 2543,2554, 
2561,2584,2592,2606 
glass sphere standard, 2556,2608 
test dust, 2573, 2694 
timing, 28 ,2583 
SiHca, 1005,2368 
Silver bromide, 28 
Similarity laws, 142,232 
Simons crusher, see Cone crushers 
Size distribution, 14-16 ,113 et seq,, 340-412, 
1836,1841,1897 
errors in determination, 15 
factors, 549, 571, 583 
German standard 15, 375 
missing sizes, 397 
Schafer’s reinpapier, 389 
Schumann’s equation, 388, 399 
skew distribution, 362 
sonic analysis, 410 
Svensson’s formula, 402 
X-ray difhaction, 347 
see also Equilibrium theory 
Skull breaker, 805 
Slugger rolls, 816 
Soap, 661 


Sodium chloride, 12,5, 93,109,206,224,240, 
254-7, 260, 443 
Soil structure, 1624 
Solids, physics of, 212-13 
structure of, 105 
Solubility, 606 
Sonic an^ysis, 410 

Specific gravity change, 121, 243-4, 337 
Specific surface derivation, 373-5, 381, 386, 
411 

Spectra 
Raman, 200 
Rbntgen, 639 
Spekker method, 2497 
Sphalerite, 68,444 

Stamp mills, 2, 43, 61-2, 467, 548, 735, 959- 
967, 1007, 1059, 1115 
gravity, 54 
Nissen, 54 
Starch, 2811,2821 

Statistical theory of fracture, 192-3,274,359- 
360 

Steam jet mills, 1538-87, 1876, 1881-2, 2022, 
2039,2055 
Stearates, 620 
Stokes’ diameter, 31 
Stokes* law, 29 ,119 
Strain energy, 2,26,41,44,249, 258 
values, 180,236,248 
Strength properties of rocks, 183 
effect of benzene, 251 
effect of Hquids, 238-9, 247, 251, 263 
of solids, 195,206, 330 
Stress application, rate of, 4 
Suddenness factor, 4 

Sugar, 451,606,1500,2286-91,2791,2827-30 
SuUivm plant, 1337 
Sulphur, 2292-4,2805,2815 
Superfine grinding, 365, 603-19, 1513, 1988 
Superpanner, 2405,2652, 2657 
Surface, active agents, 204 
raacks, 6 

Surface area measurement, 15 
absorption of bases, 2511 
entropy method, 2517 
dye adsorption, 2524 
graph paper, 15 
heat of wetting, 2507,2515 
Lea-Nurse method, 437,1734 
physics of, 2480 
Rigden method, 2479 
silvering method, 2499 
standard, 2478 
other methods, 35 
Surface relations, 3-8 
diagram, 62 
emission, 292-3 

free boundary energy, 263,266,641-3, 645 
phenomena, 236-62,2519 
swinging weight method, 255 
tension, 259 
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Sweden, investigations, 484, 545, 1138, 1661, 
2398, 2494 

Sweeping compounds, 2814 
Symposia, etc., 1,2,100,474,547,730-1,885, 
968,1042-3, 1335.1345,1697,1862-4, 
1867, 1875, 1918, 1920, 1964, 2142, 
2348, 2396, 2407, 2500, 2613, 2616, 
2686, 2696, 2720 


Taconite, 77, 30, 51 
Talc, 53, 91, 2364 
Tar, sieving, 2538 
Techniques, unusual, 518 
Temperature effects, 13-14, 23-4, 56-7, 147, 
652-67, 2076 

Tennessee Copper Co., 1139, 1263, 1343 
Tensile stress, 153 
Test bar, 24 

Theory, general pai>ers, 1-158, 283-302 
Thermal agitation, 217 
Thermodynamic criteria, 13, 55-6 
Time factor of breakage, 4, 6, 20, 103, 137, 
183, 187, 198 
Titanium, 2103 

Torque measurement, 1098, 1173 

Torsion dynamometer, use of, 73 

Tracers, radio-active, use of, 448-50 

Transport energy, 2, 22 

Traylor rolls, 2170 

Trix miU, 55 

Trunnions, 1030,1179 

Tube mills , 979-1036 

Timg kernels, 2284 

Tungsten and carbide, 1604, 2315 

Tustin mill, 967 

Tyler scale, 350 

Tyrax mill, 57 


Ultrasonic effects, 207, 314, 639, 703-20 


Vacuum ball mill, 1213-15 
Velocity of impact, 22, 60, 820 
terminal, 2416, 2424 
Ventilation, 662 
Vermiculite, 561, 2321-2,2332 
Vibration of tube mill, 674-6, 1038-40 
Vibratory ball mills, 611,639,759,1299-1319, 
1687,1950 

Viscosity, 621, 630,1066,1211-12, 

Volume changes, 31 


Wagner turbidimeter, 2527 
Wallner lines, 207, 235 
Wadi mill, 55 
Water vapour, 185 
condensation, 209 
Wave propagation, 217, 291 
Wear, ball and pebble media, 65, 1280-98 
general equipment, 55, 57, 542, 558, 780- 
803, 806, 810, 830, 990, 1011, 1544, 
1791, 2166 

Wet V, dry grinding, 13, 1200-9 
Wheat, 2295-312, 2310-11, 2807-9,2813-17, 
2829 

Wood flour, pulp, chips, 1442,1597,2313-16 

Wool grease, 633 

Work index, 11, 27-30,495 


X-ray effect, 7 


Zinc, 2778 
Zinc blende, 626 

Zirconium, oxide, carbide, 2100,2339 







